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A third of a century has passed since the law of evolution 
found its first definite expression in Darwin's “‘ Origin of Species ;” 
and we have watched that law irresistably broaden its influence 
until it has become the whole inspiration and philosophy of the 
scientific spirit of today. Significantly, the biological sciences 
were the first battle-field of modern evolution, and sti!l remain 
the mest prominent subject matter in evolutionary controversy. 
It has been in the part of nature that is nearest kin to man's 
own conscious life, in the living animal and the living plant, that 
we have first tried to study the working of a law whose expres- 
sion, we have come to realize, is the whole of nature, the physi- 
‘al no less than the organic. But the complexity of characters 
and processes in the animal and the plant worlds, and the ob- 
viously undefined gradations in those characters and processes,— 
these facts taken together, though serving the vital end of em- 
phasizing the law of evolution as a law of continual change, of 
progressive action, baffle attempts to outline in clear definite form 
and terms the working method of evolution, and to define the as_ 
pect of ‘‘change”’ in the process through reference to the other 
aspect, that of relative “fixity.’’ The result to modern scien- 
tific thought is the confusion of speculative absurdity that is 
masquerading in much of our biological literature as professedly 
scientific study of life-development. A reaction of inestimable 
importance is the turning of attention to the study of evolution 
in the realm of the physical sciences where the clearly-conceived, 
definite subject-matter, with the absence of vague detail, must 
mean the treatment of problems from the exact standpoint 
of the higher mathematics. Thus exactness of statement takes 
the place of the speculative indefiniteness to which the extreme of 


* An outline study of an aspect of physical evolution, made in the course of 
preparing material for a special study upon a certain 
tion. 

Nore.—The writer is indebted to Professor E. E. Barnard, Professor S W. 
Burnham and Dr. T. J. J. See for the photographs and drawings used in the 
preparation of nearly all of the illustrations that accompany the text. 


problem in general evolu- 
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purely biological investigation has led,—an exactness that by it- 
self is too ideal to give us truth, but that taken together with 
the valid observations of biology can yield a definite yet realistic 
notion of evolutionary principles. The physical science whose 
concepts have, pre-eminently, ideal exactness is mathematical 
astronomy; and from the province of mathematical astronomy 
there has come, within a few years past, a contribution to 
knowledge that, rightly understood, marks an epoch in the his- 
tory of evolution. The first great step in this new direction was 
taken scarcely a decade ago by—stranygely enough—George Dar- 
win,son of the Charles Darwin whose genius had raised the great 
wave of evolutionary study in modern biology. Father and 
son, biologist and mathematical physicist, from widely different 
standpoints in natural science have made complementary inter- 
pretations of a common law whose broad outlines the elder Dar- 
win first clearly stated. The work of George Darwin has been a 
scholarly contribution to the theories of the development of the 
solar system. His highly theoretical treatment of the subject 
has been the starting point; the practical application, and the 
broad generalizing of the problem to affect the star systems in 
remote space have been accomplished by the American astrono- 
mer, T. J. J. See, partly by original discovery, partly by elabora- 
tion of the Darwinian results. A plain summary of the general 
results is the end here in view, with special emphasis on their 
meaning for our knowledge of general principles of evolution. 
And the reaction of those principles upon the data and method 
of the higher astronomy will be a final question of peculiar inter- 
est for the future of the physical sciences. 

Speculation on the beginnings of the solar system is as old as 
the philosophers of ancient Greece; but anything that could be 
salled speculation in the true spirit of science is comparatively 
recent. Kant turned the fire of his philosophical genius on the 
problem and gave to the world a theory that was a curious mix- 
ture of sound science—the product of his broad practical concep- 
tion of natural law, and philosophical mysticism—the stamp of 
his idealizing powers. It remained for Laplace to outline the 
speculation that, partly through its own rational force, partly 
on the authority of so great a mind as that of its author, be- 
came the creed of science, in this special field, for almost an entire 
century. Exactly one hundred years have passed since the 
‘*nebular hypothesis’? was published as a closing note to La- 
place’s *‘Systéme du Monde;” and few speculations of science 
have ever exercised as broad and as deep an influence upon gen- 
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eral thought. The centennial anniversary is an appropriate time 
to look back for a moment and consider what the spirit of the 
‘*nebular hypothesis’’ meant to science; and then to review in 
plain general terms the revolutionary changes that in the last 
fifteen years have remade that hypothesis in accordance with 
new principles and a new spirit of scientific thought. In contrast 
to the belief of Sir Isaac Newton that the planets had been made 
and placed in their paths by the direct act of Diety, there is much 
in Laplace’s theory that seems a foreshadowing of the modern 
conception of all the parts of nature as the product of develop- 
mental change. But there is also a vital difference between La- 
place’s point of view and ours. The great monumental work 
that he left to the world was not the ‘‘ nebular hypothesis ’’—that 
was only a minor incident—but the Mécanique Céleste, the im- 
mortal record of a life-time’s labor, of almost the greatest math- 
ematical mind of all the ages, in formulating the exact motions of 
the heavenly bodies. And the whole spirit of the Mécanique 
Céleste is that of rigorous mathematics. ‘ The laws of celestial 
mechanics are eternal’’ was the creed of Laplace; the motions of 
planets and satellites change, but the changes are periodic; the 
periods may be days or centuries or immeasurable ages, but al- 
ways there is the certainty of return to the starting point in the 
due lapse of time. And he was right—as far ashe went. The great 
work that he left with that principle as its text has been and is of 
untold value to astronomy; but as many another man of genius 
has done, his deepest insight into natural law he left us in a foot- 
note. His was too great a mind not to preceive that, although 
the practical limits of his knowledge forced him to treat the obser- 
rations of astronomy from the ideals of rigid mathematics, never- 
theless there had been and were changes going on that could not 
be translated into eternally repeating periods, that really meant 
the world-system of yesterday would never be exactly repeated 
at some future to-morrow. Suggestions of this truth appear here 
and therein the Mécanique Céleste, and on the closing pages of 
the Syst¢me du Monde we find one definite application and ex- 
press statement of his conception of development, of growth- 
change. He knew that the Sun was a cooling body, and he real- 
ized that tracing back its history indefinitely far we must some- 
where reach a period when its character was vastly different 
from what it is now, in order to account for all the heat that it 
has radiated into space through all subsequent time; he surmised 
that then the condition of the Sun must have approached that of 
the highly rarefied gaseous nebule that the telescope revealed as 
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filmy patches of luminous cloud everywhere in space. And when 
the Sun was thus expanded into a vast nebula, greater than the 
whole solar system in extent, it was inconceivable that the sys- 
tem of planets should have existed. Therefore it was in the 
highest degree probable that as the nebulous Sun cooled and con- 
tracted, and as a result of contraction was set in violent rota- 
tory motion, its figure became unstable, parts of it were sepa- 
rated from, and abandoned by, the great central mass, and these 
parts condensed into planets, which in turn developed systenis of 
satellites about themselves; and thus originated the eternal and 
ideally perfect complex of motions in the solar system. True to 
the modesty of an intellect that knows the practical limits of ex- 
isting knowledge, Laplace did not try to formulate a single stage 
of this history in mathematical terms. To say that he could not 
have done it if he had had the data we possess today is but ab- 
surdity, for we can repeat now with almost literal truth the 
fmous words Baron Fourier uttered a half-century ago,—‘ La- 
place would have completed the science of the skies, if that sci- 
ence could be completed!’ He knew that this speculation had 
in it scarcely an element of scientific exactness, and he did not 
pretend that it was more than the broadly general outlines of a 
working hypothesis that might help to guide future deeper re- 
s:arch. One fundamental clause he based upon an article of 
faith in the theoretical physics of his day that has proved to be 
inperfect; and that one clause, though accepted without ques- 
tion for over three quarters of a century, has led to endless blind 
discussion in recent years, and seems destined to be finally swept 
aside. He did not know that a rotating half-fluid mass could as- 
sume any other form than one of perfect radiate symmetry 
around its axis of rotation. He therefore reasoned that the 
rotating condensing Sun, flattening at its poles and bulging at 
iis equator, would shed successive equatorial rings of matter; 
that each ring, abandoned as the Sun contracted, would revolve 
as a whole at the same distance from the Sun’s centre as the 
orbit of the planet that the ring was destined to form. Then 
finally the necessary irregularity of such a ring would cause it to 
break and somehow condense its matter into a planet rotating 
and revolving in the same direction, and tracing the same path, 
that the ring had revolved in. The **somehow”’ was the problem 


that has had to be left unsolved. But as an apparent monu- 


mental witness for just this process he could point to the rings of 
Saturn; and that argument carried conviction with it until less 
than a dozen years ago. Passing this detail for the present, it 
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remains to emphasize more ciearly the all-important issue, before 
turning from the old nebular hypothesis. Laplace went a long 
step beyond Newton in asserting a natural rather than a miracu- 
lous origin for the solar system; but he fell a long step short of 
any clear conception of what a process of evolution meant when 
he treated the development, the growth, of world-systems as a 
chapter of history belonging to a period indefinitely remote from 
the present. To him ‘“‘cosmogony,” “0@os yeverv, was literally, 
the begetting, in a given epoch in the far-off past, of the ideally 
perfect cosmos, the world-system with its mathematically rigid 
mechanics, its eternal circle of periodic changes,—the world- 
system of his Mécanique Céleste. Doubtless he must have felt 
that rigid mechanics were but one side of the science of the stars, 
but such intuitions found almost no expression in his lifework. 
Had cosmogony meant to Laplace what it must mean to us, he, 
and not Charles Darwin, astronomy, and not biology, would 
first have preached the gospel of evolution, the gospel of which 
Laplace was the first great prophet. 

The difference in the point of view becomes strikingly clear the 
instant we turn to the work of George Darwin. He did not ad- 
dress himself abruptly to the question, ‘** What possible process in 
the remote past would account for the world systems as they now 
are?’’ but instead he undertook to discover what processes now 
going on meant continuous evolutionary change, at the very 
present moment, in the character and relations of the heavenly 
bodies; and what would be the history of change as the working 
of present processes was traced back without break into the in- 
definitely distant past. Our own solar system, as the part of the 
of the heavens of which there was the most detailed knowledge, 
seemed the logical field of research; and vet it might have seemed 
an almost hopeless task to make any radically important addi- 
tion to Laplace’s exhaustive researches on planetary mechanics. 
But there was one fundamental assumption in Laplace’s work 
that, though justified as a practical means to the end he had in 
view, was to be qualified by later more detailed analysis. He had 
always assumed in his mathematical treatment of the planetary 
motions that the bodies in the solar system were either perfect 
unchanging spheres or, when he did take them as flattened at the 
poles, exact unchanging spheroids. And it was from this basis 
that he reached his grand mathematical generalization, that so 
far as just the mere mutual attractions of planets, satellites and 
Sun were concerned the solar system was practically stable for 
eternity. He of course knew that other influences might shake 
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this stability, but he never took into account the fact, which he 
yet to some extent realized, that the very mutual attractions of 
the bodies in the solar system changed the individual shapes of 
those bodies from moment to moment, that these changes of bod- 
ily fortn meant new phases of mutual attractions, and so the very 
fact of mutual gravitation that taken on one side meant eternal 
stability, taken on the other side meant perpetual change. And 
dissolving the opposition between these two sides by giving each 
its function, the new truth is,—relative, evolutionary, instead of 
ideal, stability. George Darwin, as a mathematical physicist in- 
terested primarily not so much in purely astronomical problems 
as in the physics of the earth, was brought face to face with the 
fact that the mutual gravitation of the Earth and Moon and Sun 
means, not only that these attract each other as wholes, but also 
that the Earth, and therefore also the Moon and, to some degree, 
the Sun constantly change their bodily forms so as to change con- 
continually the character of their mutual attractions. In short, 
the tides raised in the Earth, Moon, and Sun by mutual gravita- 
tion would constantly change the character of the relative mo- 
tions of those bodies. Oceanic tides would have this general ef- 
fect, but it was the more profound effects of bodily tides, tidal dis- 
tortion due to the fact of some degree of viscosity in the whole 
mass, that were made the subject of research. Taking the Earth- 
Moon system for an example, the general principles developed 
may be briefly outlined. 

The Moon constantly tends to raise a tidal bulge on each of the 
two opposite sides of the Earth that are directly in the line that 
passes through the 
Moon’s centre and 
the Earth’s centre,— 
ae & a bulge on the side 

M. nearer the Moon 
due to the attrac- 
tion being greater on 
the part of the Earth 
ated). E rotates on its axis, faster than M moves than on the more 
the nearer, affects M more than T’ does. Therefore On the side away 
Mis attracted toward E in the direction (c’ eI a from the Moon due 
combination of the attraction (¢’ — C)—which E 
would have for M if there were no T and T’—and to the attraction be- 
along” of M in its path (0 — 0’) by T. central part thanon 
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the partfarthest away from the Moon. But though gravitation is 
an instantaneous force, the Earth is not an ideal perfectly elastic 
solid, but a fluid of great viscosity, and there is therefore fric- 
tional resistance to the motion of its particles over each other, 
and this resistance is practically a force operating against the 
Moon’s attractive force. If the Moon remained constantly di- 
rectly over one given point on the Earth’s surface, these two 
forces would act in exactly opposite directions and as a result 
there would be two permanent tidal bulges on respective exactly 
opposite sides of the Earth, and frictional resistance would sim- 
ply prevent these bulges from being as high as the Moon’s attrac- 
tion would tend to make them. But the Earth rotates on its 
axis from west to east many times faster than the Moon revolves 
from west to east around the Earth. Therefore the tidal bulge 
‘that the Moon tends to raise at the point on the Earth directly 
beneath the Moon at a given instant of time is delayed by the 
counter force of frictional resistance until the given point has been 
sarried by the swift rotation of the Earth, somewhat ahead, to 
the east, of the Moon's position; and so the tidal bulge on the 
side of the Earth toward the Moon always keeps a little ahead, 
a little to the east, of the Moon,—that is, of the place in whose 
zenith the Moon is at any instant of time; and the other bulge, 
exactly a half circle away, always keeping a little ahead, east, of 
the place directly under which, in whose nadir, the Moon its at 
any instant, will always be a little to the west of, behind, the 
Moon's position. Then since the moon in its revolution round 
the Earth is constantly moving toward the east, the tidal bulge 
to the east of the Moon will constantly tend to draw the Moon 
along faster in her path, while the other tidal bulge, to the west 
of the Moon, will tend to hold her back. But the bulge to the 
ast is on the side of the Earth that is nearer to the Moon, and 
therefore its effect in accelerating the Moon's orbital motion is 
greater than the effect of the other bulge in retarding her motion. 
Further, in accord with the law that action and reaction are 
equal and opposite in direction, and that the amount of motion, 
the moment of momentum, in a system of bodies remains con- 
stant, while the Moon’s motion is being accelerated by the tides 
of the Earth, the Moon reacts by holding back on the Earth’s 
tidal bulge, and this holding back slows up the Earth's rotation 
and generates heat in the Earth through the resistance to the 
motion of the tidal bulges from east to west in opposition to the 
Earth’s rotation from west to east. Thus tidal friction on the one 
hand slows the earth’s rotation, constantly increases the length of 
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the day, and, on the other hand, tends to increase the speed of the 
Moon’s orbital motion. What will be the effect on the Moon’s or- 
bit of accelerating the Moon’s motion? The orbit is an ellipse 
with the Earth approximately in one of the foci, and thus the 
point at which the Moon is nearest the Earth, perigee, and the 
point at which she is farthest from the Earth, apogee, are the two 
ends of the major axis of the orbit. Consider just these two oppo- 
site points,for simplicity’s sake. It can beshown that the accelera- 
tion of the Moon at perigee will make her swing out farther from 
the Earth when she reaches apogee, and so also that acceleration 
at apogee will make ber swing out farther when she reaches peri- 
gee. But the result is not simply enlargement of the orbit. 


It 
can be shown that acceleration due to tidal friction 


raries in- 
versely as the seventh power of the distance of the tide-raising 
body. For instance, if the tide-raising body were brought to one- 
fourth its original distance the accelerating force would be in- 
creased 4 X 4X 4X 4X 4X 4 X 4 = 16,384 times, theoretically 
—practically the difference would be a good deal less. Obviously, 
then, the swinging out at apogee, due to acceleration at perigee, 
would greatly exceed the 

S swinging out at perigee, due 
\ to acceleration at apogee; and 
thus the near point of the or- 
bit would get relatively nearer 
/; and the far point relatively 
farther away, and the focus 
the Earth occupied would get 


III. Ellipse (exaggerated eccentric- pr 
ity) representing Moon's orbit about E, tionately, from the orbit’s cen- 
the Earth, in one of the foci. Tidal ac- tre Acceleration would not 
tion, tending to drive the Moon away 
from the Earth, will be much greater at only lengthen the major axis 

P on the Moon’s orbit than at A. Hence of the orbit, but also con- 
the swinging-out at A, due to tidal ac- 


tion at P, will be much greater than the stantly make it more eccen- 


swinging-out at P, due to tidal action at 
A. A thus moves away from E much 
faster than P does, and so the focus E 


tric. The fundamental effects 
of Tidal Friction are thus :— 


gets coustantly more and more ‘out of Slowing of the rotation of 
centre,”’—the ellipse grows more eccen- . 

tric as well as bigger. the tide-bearing body, and 
increase of the eccentricity and length of major axis of the 
orbit of the tide-raising body. There are other effects in special 
cases that are too complicated to be outlined here. Furthermore, 
in a case exactly the converse of the one we have had before us, 
in a case of the Moon revolving faster than the Earth rotates 
and causing the tides to prime instead of lag, all the principal 
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effects would be reversed. It remains to note in passing that 
only one side of the Tidal Friction problem has been referred to 
in this paragraph; the Earth is a tide-raising body with reference 
to the Moon, as well as the Moon a tide-raising body with 
reference to the Earth. This fact enormously complicates the 
mathematics of the problem, but, without. in general, invalida- 
ting the results that have been outlined. 

Darwin took the Earth-Moon System as the special subject of 
his investigations for the obvious reason that the oceanic tides 
raised onthe Earth by the Moon had been theimmediate source of 
all our knowledge of tidal action. And though the tides mainly 
considered in his work were internal, bodily tides, of which there 
is practically no observable trace in the present Earth, he readily 
proved that the oceanic tides produced results of the same gen- 
eral character, differing only in minor details. It is a strange 
fact that nearly two centuries should have gone by after Newton 
discovered the cause of the oceanic tides, before anyone clearly 
stated the principle of Tidal Friction. On the basis of the gen- 
eral theory of Tidal Friction, just outlined, Darwin traced the 
Earth-Moon System back from the present to the distant period 
when the two bodies first had separate existence, and by rigor- 
ously mathematical methods constructed a history that, though 
extremely uncertain in its minor details, was probable to the de- 
gree of practical certainty in its general features. And looking 
the other way he projected the process of change into the future 
to complete the cycle of Tidal Friction development. At the be- 


ginning of that cycle,—Moon and Earth both in rapid rotation, ' 


and the Moon revolving close to the Earth's surface in a month 
far shorter than the present; then a slowing of the Moon's rota- 
tion period until reduced to the condition it is still in,—identity 
with the revolution period, the month; a slowing of the Earth's 
rotation period toward the length of the day of the present; and, 
with these changes in rotation, the winding off of the Moon from 
the Earth in a close-coiled spiral, the orbit growing ever larger, 
and also at first rapidly increasing its eccentricity to a maxi- 
mum and then slowly reducing that maximum toward the exist- 
ing degree. Also progressive changes in the inclination of the lu- 
nar orbit and equator and of the Earth’s axis. This for the past. 
For the future:—Still further reduction of the Earth’s speed of ro- 
tation till the future day become identical with the future month; 
still further winding-off of the Moon and reduction of her orbit’s 
eccentricity, until a maximum distance and nearly circular orbit 
is reached; and then the slow beginning of the reversal of the 
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story, and somewhere in the unfathomable to-be, the meeting of 
the Earth and Moon to end their existence as separate members 
of a system. This history has been several times presented in 
clear untechnical form in recent works on general astronomy, 
so it need not be carried into further detail here. So far as the 
time-estimates are concerned, too great uncertainties on the 
early physical condition of the Earth, and too great mathemati- 
cal difficulties, are involved to make such estimates trustworthy 
within other than extremely wide limits. It must suffice for the 
present that we know the whole process to have been exceedingly 
slow, involving tens of millions of years. The fact that the 
process is too slow at the present time to be directly observable 
with any means we possess, does not give a safe basis on which 
to work, for we have to consider that the potency of Tidal Fric- 
tion varies, theoretically, as the seventh power of the distance of 
the tide-raising body; and therefore, even allowing for practical 
great reduction of this ratio, the changes considered may have 
gone on with vastly greater rapidity in the remote past when 
Moon and Earth were near together. The one important result 
thus far derived from the attempt to estimate the time-duration 
of the process has been to bring the estimates of the age of the 
Earth on the astronomical side far more into accord with those 
made, on fairly definite data, by geology. The age of the solar sys- 
tem based upon theories regarding the past duration of the heat of 
the Sun, the basis upon which the astronomical estimates have for 
the most part stood, falls far short of the time that geology justly 
demands for the history of the Earth. The Tidal Friction work, as 
a clearly defined process, therefore helps to indicate that we have 
yet only a partial account of the development of the Sun’s heat. 
The physics of intensely heated bodies is still highly speculative. 

In the closing part of his work Darwin came abruptly against 
a fundamental difficulty in trying to bridge the gap between the 
beginning of the Tidal Friction history of the Earth-Moon Sys- 
tem and the earlier historical period with which the “nebular 
hypothesis”? had dealt. How did the Moon come to have exis- 
tence as a mass separate fron the Earth? How did the Earth- 
Moon Mass become the Earth-Moon System? The speculative 
answer of Laplace,that the semi-fluid Earth-Moon Mass had shed 
an equatorial ring that later broke and condensed into the 
Moon, presented insurmountable difficulties before the problem 
of the beginning of tidal action, and in fact bad its probability 


reduced to a minimum by the mathematics of the Tidal Friction 
theory. 


In a foot-note to his closing paper on that theory in the 
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Philosophical Transactions of the Royal Society for 1881, Dar- 
win suggested that he had begun to entertain grave doubts on 
the correctness of the old speculation, and hoped to bring the 
doubt to a definite result. In 1887 he gave to the Royal Society 
a most remarkable mathematical discussion of the method in 
which two spheroids, revolving about their common centre of 
gravity, close to and approaching each other, would finally blend 
into a single mass. Reverse this process and it would give a pos- 
sible method in which a rotating mass might become a system of 
two masses. He approached the problem from the basis of the 
certainty that systems of two bodies, such for instance as planet 
and satellite, actually did exist, and the end he had in view was 
the testing of what was involved in the assumption, that had 
merely been taken for granted, that the two masses had been 
originally one. This was the scientific logic of his approach from 
what might seem at first sight to be the tail end of the difficulty. 
But at the very same time, though the publication of the results 
came a year earlier than Darwin's, the great French mathema- 
tician, Poincaré, altogether independently and with the same 
general idea in mind, attacked the problem from the opposite 
end,—started with the single rotating mass and undertook to 
discover whether or not it could become two masses, and, if so, 
how. The two men working from opposite standpoints reached 
results that were essentially the same and therefore mutually con- 
tirmatory bevondexpectation. There were other figures of equilib- 
rium, for rotating fluid masses, that implied less ideal conditions 
and were practically far more probable than the spheriods of 
Laplace; and when the figure of a rotating mass became one of 
unstable equilibrium, it was improbable that the lesser portion 
tending to separate from the greater would have the torm of an 
equatorial ring. Jacobi had shown that a rotating ellipsoid may 
become elongated under the influence of rapid rotation, the long 
axis of the mass being the long axis of the equator of the new 
ellipsoid and perpendicular to the axis of rotation. Lord Kelvin 
and others had seen that as the Jacobian ellipsoid elongated 
more and more, under the influence of continued rotation, it 
must finally cease to be a figure of stable equilibrium, and then it 
seemed probable that it would somehow part into two unequal 
masses. But the difficulty was that mathematics had never 
bridged the gap between, on the one hand, the elongated Jaco- 
bian ellipsoid that was perfectly stable, and, on the other hand, 
the two separate masses in the most primitive condition in which 
they would be in stable relation to each other. 
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region between was purely speculative ground. Darwin and 
Poincaré both found that when the Jacobian ellipsoid became so 
elongated as to reach the limit of its stability it did not abruptly 

‘ rupture but passed into a new figure 
of equilibrium, the apioid,—named 
from the Greek a@miov, a pear, and 
é700s form, 


an egg-shaped figure he- 
coming, by the development of a tur- 
row all around it between its lesser 


: and its greater ends, approximately 
IV. Poinearé's Apioid. the pear-shaped. the deepening 
pear-form assumed by a rota ‘ 


ting mass under long-continued Of the furrow and the further elongat- 
rotation, A figure of rotation 


ing of the mass the apioid gradu- 
unknown to Laplace. 


ally became dumb-bell-shaped, the 
axis of retation of course continuing as before perpendicular to 
the long axis. Then finally the neck of the dumb-bell would rup- 
ture and the two unequal bulbs would continue to revolve, 
though as a system, about their common centre of gravity, and 
sach would have a rotation of its own in the same direction as 
the original rotation of the single mass. The very existence of 
the apioid and the dumb-bell with unequal,—or for that matter 
even equal,—bulbs was a new light on the physics of rotating 
fluid masses. But the final difficulty was the practical applica- 
tion of the results to the field both scientists had in view, the 
solar system. Darwin's numerical interpretations made the 
greater of the two masses formed never more than thirty times 
the size of the lesser, and Poincaré found even far less ditference 
between the two. Yet the Earth is eighty times the mass of the 
Moon, though the Moon is the largest satellite, in proportion to 
its planet, that we know; and as tothe whole solar s\stem,—the 
Sun is seven hundred fifty times the mass of all the planets and 
satellites combined. There was but one significant ground for 
hope: both investigators had considered relatively homogeneous or 
only slightly heterogeneous rotating fluid-masses; but both had 
found reason to infer thatif the original mass wereina high degree 
heterogeneous the companion masses resulting from the ‘ fis- 
sion’? process might be of widely different orders of size. The 
mathematical difficulties of a proof of this inference seemed bat- 
fling; and ocular evidence was altogether wanting that any mass 
in the whole solar system had ever parted into two masses of 
anythinglike comparable size,—the Earth-Moon System hada ray 
of possibility in it, but it was evidence really a good deal poorer 
than the Saturn rings were for the old ring-theory cf Laplace. 
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So there seemed nw alternative but to admit that the tremend- 
ously difficult mathematical work had failed of other than the 
most purely ideal results. There was a suggestion of the lines 
future investigation might take; and there was a grave doubt 
cast on one important assumption in the time-honored ‘‘ cosmog- 
of a century past. 

Several other names besides Darwin and Poincaré are to be 
taken account of in connection with the beginnings of the new 
evolutionary cosmogony. The work of Lord Kelvin, on the heat 
ot the Sun and the rigidity of the Earth was of the highest im- 
portance to Darwin both in his investigation of Tidal Friction 
and in his more speculative research on the primitive Earth-Moon 
Mass. The great Helmholtz made valuable contributions to the 
general problem through his work on the Sun’s heat. And back 
in 1863 Dr. T. F. Mayer developed some interesting foreshadow- 
ings of the Darwinian tidal theory. 

But the papers that Darwin gave to the Royal Society between 
1878 and 1882 on the Tidal Friction History of the Earth-Moon 
System were of far more vital significance than all the other at- 
tempts made, until a few years ago, to definitely outline a pro- 
cess of evolution, in the province of astronomy. This Darwin 
accomplished for our own planet and her satellite, and so far 
successfully that none of the fundamental features of his results 
seem likely to be ever called into question. Yet the Earth and 
Moon are a trifling fraction of the field astronomy has before it, 
and indeed a minor factor in even just the solar svstem. That 
tidal friction would have some effect in any system of heavenly 
bodies was clear; but could it be said to have any marked im- 
portance beyond the limits of this one demonstrable case of the 
planet Earth and her companion? The question could not be 
answered. Nowhere else did there seem to be evidence by any 
means conclusive that tidal friction had ever played any part at 
all. The satellite systems of two or three other planets presented 
significant peculiarities, but nothing that was reasonably defi- 
nite. The prime difficulty was that it was doubtful that tidal 
friction could count for much unless the tide-raising and the tide- 
bearing bodies were of something like comparable size; for where 
the two bodies in a system were of widely different orders of size, 
it was difficult to prove that either could raise tides in the other 
of sufficient magnitude to materially effect the motions of the 
system. And all the planets save the Earth were vastly larger 
than their satellites, and the Sun was over seven hundred and 
fifty times the mass of all the other planets and satellites put to- 
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gether. Darwin had struck the key-note of a truly scientific 
method of approaching the problem of the development of the 
heavenly bodies; and he had cast a lasting doubt over the tacit 
assumption of the centuries that the planetary motions were one 
thing in the universe so ideally fixed that it was a hopeless task 
to try to find in them a process of growth, of evolutionary 
change. And still, cosmogony as a real science was only in its 
beginnings so long as everything but the modern history of our 
little Earth and Moon remained in the haze of vague speculation. 
Astronomers had indulged in speculative cosmogony from time 
immemorial; and mathematical physicists had finally come to 
give the general subject a goodly share of their attention, and 
had begun to shape its future along legitimate scientific lines. 
The way was open for the critical step to be taken that should 
clearly launch the science of astronomy, with its inheritance of 
rigid ideals, into the stream of evolutionary thought. 

In the Naturwissenschattliche Rundschau, for June 10th, 1893, 
Berberich, the illustrious computer at the Royal Astronomical 
Observatory of Berlin, wrote: ‘‘The work of Mr. See (on the 
evolution of double star systems) has in it greater promise than 
all the other hypotheses and theories on cosmogony taken to- 
gether.”’ All previous discussion of the development of the 
heavenly bodies had been focussed upon the solar system as the 
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VI. Orbit of Sirius, the great ‘‘dog-star."’ Per- 
iod of Revolution:—about 52 years. Greater star 
10,000 times as bright as lesser, but only 214 times 
as large; and 2 times the mass of our Sun. 


traditional familiar example of a system of bodies moving un- 
der the direction of their mutual gravitation. But when astron- 
omy looks beyond the narrow limits of the solar system into the 
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great universe of fixed stars, it looks in vain for another system 
like our own, and finds a countless host of systems of a wholly 
different type. The telescope and the spectroscope together re- 
veal the fact that probably half of all the fixed stars we see are not 
each a single great luminous sun, but each a pair of suns, of com- 
parable brightness, both revolving about their common centre of 
gravity. Many of the other fixed stars may be single suns at- 
tended, like our own, by a retinue of tiny planets and their satel- 
lites, but any assertion that this is true rests on the outcome of 
an extremely indefinite problem in the mathematics of probabil- 
ity. When, therefore, we put aside the peculiar value that at- 
taches to the solar system as including the planet Earth, we 
come to realize that, so far as our present actual knowledge is 
concerned, the solar system-type, the double-star, presents a far 
more frequent method of star-development. This fact attracted 
the attention of T. J. J. See as early as ’87 or ’88, while he was a 
student at the University of Missouri, and interested him in un- 
dertaking to review the recorded observations and mathematical 
discussions of double-stars. His study immediately brought to 
his notice a peculiarity in the relative motions of the two mem- 
bers of the double-star system no less striking than the fact of 
the comparable size of those members. The eight principal 
planets of the solar system and their satellites move in orbits 
that are ellipses of never more than 
ity; in other words, orbits that are 


a slight degree of eccentric- 
almost circular. But in the 
case of the general average of double- 
stars the two members of the system 
describe orbits around its centre of 
gravity that are ellipses of a high 
degree of eccentricity, rarely even ap- 
proximating thecircle. Soremarkable 
a feature must find its explanation in 
some factor in the mutual attractions 


of the two bodies composing the sys- 


tem,—some factor that would be of 
VIL. To show thegreat con- comparatively inconspicuous impor- 
trast between the average ec- 
centsicity of the orbit of a tance in the solar system. There 
double-star member and the were but two other practical alterna- 
average eccentricity of a planet 
orbit in the solar svstem. tives to this conclusion :—either the 


disturbing influence of bodies outside each double-star system 
had compelled the highly eccentric orbits, though there was not 
the slightest evidence that this came within the range of even 
doubtful probability; or else, the way in which each double star 
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first came into existence as a system created the high eccentri- 
city,—and this scarcely lay within the possibilities of any ra- 
tional speculation. The question stood: Would two suns of. 
comparable size and revolving near together around their com- 
mon centre of gravity attract each other in the same way as a 
great sun and one or more tiny planets together forming a solar 
system? There was one inevitable great point of difference be- 
tween the two cases,—that the bodily tides raised by mutual 
gravitation in the members of the double-star would be vastly 
greater proportionately; for the tides raised on the Sun by a 
planet are practically nothing, and the tides raised on a planet 
by the Sun are comparatively small because the distance from the 
Sun to the near side of the planet is an insignificant fraction less 
than the distance from the Sun to the far side, and on this differ- 
ence the size of the solar tides depends. See was familiar with 
the principle long since demonstrated for the planetary motions 
that continued acceleration, depending on a law of an inverse 
power of distance, of a body moving in an even slightly eccentric 
orbit would tend to render the orbit more eccentric. Here, then, 
in the double-star systems were too coincident facts unique to 
those systems :—high orbital eccentricity and great bodily tices, 
—the first fact based on observation; the second on no assump- 
tions more improbable than the validity, of the law of gravita- 
tion in remote space, and the viscosity and imperfect rigidity of 
luminous solids or semi-fluids. The hypothesis presented itself 
that these bodily tides somehow so affected the mutual attrac- 
tion of the bodies as to produce continued mutual acceleration of 
their orbital motions, although their attraction on each other as 
wholes, disregarding all tidal distortion of each mass, would 
simply maintain the orbital motion without ever tending to 
change its average rate. Aid from acceleration highly eccentric 
orbits would inevitably result. A rough calculation soon proved 
that when the tides legged, that is, when the attracting bodies 
rotated on their axes somewhat faster than they revolved in 
their orbits, the hypothesis would hold; and there was sound 
physical reason for believing that in any system, during at least 
some large period of its cooliug from the gaseous to the solid 
condition, rotation would be faster than revolution. Thus the 
conviction came that the high eccentricity of the double-star 
orbits was evidence of a process of evolutionary change con- 
stantly going on in them, and that the obvious potent factor in 
that process was Tidal Friction: the eccentricity was the ear- 
mark of Tidal Friction. 
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George Darwin had started from the observed fact of the exist- 
ence of lunar tides, and reasoned to the tidal friction process as a 
necessary consequence. Then he had found in the Earth-Moon 
System confirmatory evidence, but had failed to find it beyond. 
See had started from the known fact of the necessary existence of 
tides in the bodies of a system,—this constituting the casual side 
of the problem—and the observed resultant side, the high eccentri- 
city of the double star orbits; and then discovered that these two 
sides functioned as cause and result in a process of tidal frictional 
evolution. See reached this conclusion a vear and a hall before he 
learned that Darwin had ten vears before proved mathematically 
that the eccentricity of an orbit could be a result in the tidal fric- 
tion process and that the Earth-Moon System had served as one 
isolated application of the mathematical theory. He had merely 
gotten a general notion of the principle of tidal friction without 
any suggestion of its bearing on orbit eccentricities from a popu- 
lar review of Darwin's papers. But rediscovery of the princi- 
ple as operating in the multitude of double-star systems was des- 
tined to raise it to the unquestioned importance of a fundamental 
law of cosmic development, an importance that it could not be 
accorded in its earlier far more limited practical application. After 
the first rough sketch of the double star work had been written 
See spent several vears on the investigation at the University of 
Berlin and presented the results as an inaugural dissertation for 
the doctorate of philosophy, in December, 1892. This thesis, 
written in German and entitled ‘Die Entwickelung der Doppel- 
stern-Systeme,”’ ‘‘ The Evolution of Double-Star Systems,”’ was a 
rigorously mathematical discussion, based in large part on 
George Darwin’s work, but going a long ways beyond that work 
in the definite lines laid down for the development of a practical 
science of cosmogony whose scope should be as broad as the 
whole field of observational astronomy. 

The method of approach to the double-star problem was deter- 
mined by conditions somewhat different from those obtaining in 
the case of the Earth-Moon problem of Darwin. No single 
double-star system was thoroughly enough understood to furnish 
practical data that would lead to safe general conclusions. The 
alternative was to assume an ideal system that should embody 
in its characters the general features that the observation of 
numerous double stars had safely determined and then to make a 
sufficiently wide allowance for inexactness in the assumptions to 
reduce the elements of improbability in the final results to a mini- 
mum. So the foundation for the whole process of research was 
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laid by the discussion of the simplest practical ideal system. And 
this was taken to be a system composed of two great suns, 
larger and far less dense than our own, identically like each other 
in size, shape and constitution, both spheroidal in form, revolv- 
ing about their common center of gravity in slightly eccentric or- 
bits, and rotating somewhat faster than they revolved, both in 
the same direction and with the same speed. In a real system 
there is, of course, never this identity of character in the two com- 
ponents, but later investigation of more complex ideal systems, 
approaching more and moreclosely the actual conditions, revealed 
the fact that the results derived in the first simple case would re- 
quire to be modified in various details but would hold substanti- 
ally true in all broad general outlines. The full statement of 
these special cases is to be presented in an extended work on 
“The Evolution of the Stellar Systems,” the first volume of which 
is now in press, but in the preliminary dissertation published in 
Berlin in ’92 See confined himself to working out in full the prim- 
ary simple case as the crucial test of the whole problem and of the 
method of its solution. The frame-work there constructed of the 
tidal history of a double star did not differ in general theory 
from Darwin’s results for Earth-Moon System, though the prac- 
tical application had a fuller significance. When the two mem- 
bers of the double star first come into existence as separate com- 
ponents of a system they cogether have a greater amount of 
kinetic energy than they will have at any later period of their his- 
tory and this kinetic energy will be manifest partly as molecular 
motion, heat and its derivatives,—the bodies being in a more or 
less gaseous, fluid or semi-solid condition,—and partly as molar 
motion, the condensation of cooling matter under the influence of 
gravitation and the derived momentum of revclution of the two 
bodies about the center of gravity of the system and of rotation 
of each upon its own axis. The progressive cooling of the bodies 
continues to develop rotation, and tidal friction continually 
transforms energy of rotation into heat that is dissipated into 
space, and finally the bodies become dark and cold and practically 
all the kinetic energy in the system except a part of the mo- 
mentum of revolution is transformed into mere energy of position, 
potential energy, and we have two dark, cold, solid masses, ellip- 
soidal inform, slowly revolving ata vast distance from each other, 
about the system’s center of gravity, in orbits that are perfect 
circles, and always presenting the same face, respectively. toward 
each other,—that is, rotating in the same period that they revolve 
in, just as if they were immovably fixed on either end of a bar 
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that was balanced and rotating on some point between its ends. 
Condensation of each body at first constantly increases its speed 
of rotation toward a maximum, and then ceases to augment or 
to maintain rotation as the body approaches the practically solid 
condition. The tidal friction history has three definite aspects :— 
the reduction of the speed of rotation of both system-members, 
with the transforming of rotational energy into heat to be dissi- 
pated into space; the continual winding off of the two from the 
system’s center of gravity until they reach a certain maximum 
distance from each other; and—this of special import to us 
here—at first a slight decrease in the eccentricity of the orbits, 
then a long slow process of increase until a high maximum eccen- 
tricity is attained 
when the bodies are 
. almost at the greatest 
\ mean distance apart 
\ they are destined to 
reach, and then a sud- 

den rapid decrease of 
eccentricity till the or- 

hits become practically 
circles when the mean 
distance of the bodies 

/ has reached its maxi- 

mum. This final con- 
dition of the system 
would close the history 
Luce and the system circle 

on unchanged through 


\ / eternity, were it not 
NS 4 that, in the first place, 


VIII. Ideal case to show increasing size, and 
changes in eccentricity, of a double-star orbit 
under the influence of Tidal Friction. Early 
stage:—Ec. 0.1; distance of stars from each other 
30 times the distance of the Earth from the Sun. 
Later stage:—Ec. 0.57, the maxium; distance 
49.388. Latest stage, before system begins to 
reverse its evolution:—Ec. 0.000; distance 50 as- 
tronomical units. 


there never could be the 
ideally balanced condi- 
tions assumed by the 
mathematical treat- 
ment of the problem; 
and, in the second 
place, even when 
in any case the ideal 


balance of conditions seemed practically fulfilled, there must 
inevitably be some however slight outside disturbing influence,— 
since no system is alone in infinite space,—to break the equilib- 
rium. So it can be shown that when the stability of this final 
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stage is broken the action begins to reverse, partly by reversed 
tidal frictional influence, partly through the friction of the dis- 
persed meteoric matter in space retarding the motions in the sys- 
tem; and the stars wind back toward and finally fall into each 
other and the existence of the double system ends. The numerical 
results showed that the maximum eccentricity developed by tidal 
friction in a case where the assumed conditions fall far within 
rather than beyond the range of probability was high enough to 
make it certain that that process could have developed the ob- 
served high eccentricities in the double-star orbits. A table of all 
these orbits that had been determined with certainty showed an 
average eccentricity twelve times as great as the average eccen- 
tricity of the principal orbits in the solar system, and the conclu- 
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sion was irresistable when this X. y Virginis, one of the most 


eccentric double-star orbits known. 
was coupled with the fact that 
the comparable size of the sys- 
tem-members in the double stars 
meant far greater tidal action 
than in the solar system. The 
almost circular some 
double-stars were in no way con- 
tradictory of the tidal friction 
principle, since they might repre- 
sent either an early or far ad- 
vanced stage of the process; but 


orbits in 


Each of the two stars has an orbit of 
this form about the common centre ot 
gravity of the system, but in the 
study of the system it is simpler, and 
does not change the results, to regard 
the larger star as the centre ot at- 
traction (shown as small circle) with 
the lesser star revolving about it. 
The dots, some of which are dated, 
represent the successive positions of 
the companion star as observed 
through a long series of years. The 
ellipse is the apparent path (orbit) de- 
termined by plotting out these obser- 
vations. Period of Revolution:— 
about 194 years. 


the highly excentric orbits of others could find an explanation in 
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no other conceivable process. For example, such a case as that of 
y Virginis, an eccentricity of nine-tenths, the orbit so elongated 
that either focus is nine-tenths of the distance away from the 
orbit’s centre to the end of the major axis and in each revolution 
periodthe two stars are nineteen times as far apart when farthest 
from each other as when nearest together. 

Thoughout the investigation the question presents itself:— 
what certainty is there that the two members of a double 
star are of comparable mass? Even in the greatest tele- 
scope the nearest fixed stars are only points of light with 
no measurable surface. In a few cases it has been possible 
to determine by their relative motions that the two mem- 
bers of a double-star system were certainly not more than slightly 


unequal in mass; in the remaining cases the relative brightness of 


the two members has been taken as an indication, and the aver- 
aging of a tremendous number of comparisons reduce the uncer- 
tainties in the method to a minimum. It has thus been found 
that we may safely conclude that the greater of the components 
is generally three or four times the lesser in mass. Only in a few 
isolated instances is there any wide departure from this degree of 
difference in magnitude. But at the same tine that this result 
confirms the tidal friction process for the history of the double- 
star systems, it invalidates completely the assumption that the 
beginnings of such systems were similar to the beginnings that 
have so long been assumed for the members of the solar system. 
Laplace himself realized and stated in a single sentence in the neb- 
ular hypothesis that the double stars were an exception to the 
theory of ring formation. It is a physical impossibillty, past all 
shadow of deubt, that the lesser member in a double star 
should have separated from the greater as an equatorial ring of 
their original rotating nebula. The work of Darwin and Poin- 
caré on rotating masses immediately flashes across the mind. See 
perceived that the clear application of their theoretical results 
was to be made where they had not thought of looking, far be- 
yond the solar system that had discouraged their hopes, in the 
systems among the fixed stars. Then turning back some almost 
forgotten pages of the earlier astronomy See pointed out some re- 
markable evidence for the Darwin-Poinearé work in the monu- 
inental labors of Sir John Herschel on nebulee. Herschel’s great 
catalogue of 5079 nebulz stated that over 300 out of the minor- 
ity whose form was determinable were ‘double,’ and many of 
his accurate drawings of these double nebulz presented figures 
clearly approaching the dumb-bell figures of equilibrium, in 
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structed by Darwin and Poinearé. The startling probability 
rises before us that here in these double nebula, by far the most 
abundant of the definitely formed nebulz in the heavens, we have 
nascent double stars. That a single great nebula is the begin- 
ning of each double star system is certain; for it is clearly estab- 
lished that no other hypothesis of the origin of these systems is 
physically tenable. And that the original mass is set in rotation 
by condensation of its particles toward the mass-center by reason 
of their own attraction and that the rotation finally breaks the 
equilibrium of the single mass and parts it into two or more 


masses,—all this rests upon the clearest results of the best physics 
of today. Furthermore, the method of the breaking outlined in 
the Darwin-Poincaré 
theory is based upon 
no radical assumption 
that is not justified by 


observed fact, even 
Elhpseoid of Revolution. Mlipsoid of A 
" Revolution Apivid though we must real- 


XI... Diagrams 1, 2, 3. 4, 5, 
show theoretically the stages in 
the development of a pair of star- 
masses of comparable size, form 
ing a system, trom a single reta- 
ting mass, according to the 1e- 


searches of Darwin and Poimeare. Dumb-bell 


ize that the actual process can never be observed through any 
means we now possess. Deeper study of double nebalz by photog- 
raphy and the spectroscope may reveal a different meaning in them 
than that suggested, but all our present knowledge lends force to 
the belief that they give us definite data for the investigation of 
nascent star svstems. 

The closing paragraphs of See’s Berlin dissertation are devoted 
to outlining the bearing of the double-star work upon the pro- 
blems of evolution in our own solar system, and as we read these 
pages we see before us a striking illustration of a great law of 
scientific progress. Science always first approaches, in attempt- 
ing to solve a problem, the fields that are most familiar to her 
experience but in which her knowledge of complex detail is at 
once 1 stimulus and an obstacle to thought. Then, inspired by 
the foreshadowings of truth, but bathed in her attempt to grasp 
a definite statement of the truth, she turns to the unfamiliar 
fields where the very limitations of her knowledge, freeing her 


: various phases of their development, as mathematically con- 
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trom bewildering detail, make possible a simplicity of method 
that clears and defines her conceptions, and reacting throws new 
light upon the old familiar subject-matter. So cosmogony first 
studied the well-trodden field of the solar system, where a wealth 
of detailed knowledge, as also a feeling of human self-interest, 
inspired research; and now has turned to the far off systems 
among the fixed stars to find in the very simplicity of our know!l- 
edge of them, with the absence of irrevelant detail, the means of 
clearing and defining the conceptions of processes whose nature 
sarlier study only foreshadowed. And now looking back upon 
our own solar system from the standpoint of the fixed stars, new 
meaning dawns on the problem of its development. Since Tidal 
Friction is a foundation principle in all the other known systems 
in space it must be of unquestionable importance in constantly 
modifying planetary motions; though at the same time we find 
in its action in the double stars conclusive evidence that it has 
had far less radical influence in the solar system than in them. 
We thus at once come to realize that Tidal Friction is as univer- 
sal as gravitation, but that the degree of its efficiency as a cause 
of change varies according to a definite law of the distance apart 
and relative size of the bodies whose mutual motions it affects. 
Further, if the formation of the myriads of double-star systems 
from nebula wholly contradicts the ring theory of the nebular 
hypothesis, why is it not highly probable that the solar system 
represents simply a special case of the same general process by 
which a nebula becomes a double star? Especially since there is 
clear mathematical ground for believing that though a relatively 
homogeneous mother-mass would part into two comparable 
masses, a very heterogeneous mother-mass might become a great 
sun attended by tiny planets. The old ring-theory rests on al- 
most purely sepeculative assumptions, for observational evi- 
dence that it is practically possible is wholly lacking. There are 
supposed ring nebulz in space but their exact character is in the 
highest degree dubious—practically there is nothing approaching 
exactness in our knowledge of them. The belt of countless tele- 
scopic planets in between the orbits of Mars and Jupiter have 
been often cited as an example of a ring that broke into many 
fragments instead of condensing into a single planet. But it is 
more than doubtful, though barely probable, that this was one 
case of ring formation, and perhaps equally likely that one or 
more small planetary masses thrown off by the Sun after the 
tormation of Jupiter were torn to pieces by the tidal action of 
Jupiter, the greatest of all the planets, and the many fragments 
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became the irregular and complicated group of asteroids just in- 
side the Jovian orbit. Finally the rings of Saturn seem to be one 
plausable confirmation of the ring theory, but See inclines to the 
belief that these could be better explained by supposing that 
tidal action of the planet Saturn has broken up one or more 
satellite masses of semi-fluid consistency and distributed the 
fragments into an equatorial ring. Clerk Maxwell long ago 
proved that the wonderful Saturn rings were a swarm of tiny 
meteoric satellites. George Darwin in reviewing See’s work 
sealed the fate of the old ring theory by recalling the demonstra- 
tion by Roche, some years since, that a partially solid satellite 
would be torn to pieces by tidal action if revolving within a cer- 
tain definite limit of distance from its planet’s surface. Darwin 
pointed to the significant fact that the rings of Saturn fell just 
within ‘ Roche’s limit’’ for that planet, and that no other satel- 
lite in the solar system did fall within that limit for its planet, 
nor did any planetary body approach that limit for the Sun. 
This leaves the Saturn rings still problematical but shakes down 
their validity as proofs of the ring theory. In short, the old 
nebular hypothesis of Laplace in all save its general outlines has 
been relegated to the things that are past. To those who realize 
how conservative always is criticism by the highest rank of scien- 
tists, the closing sentence of Darwin’s immediate review of the 
Berlin Dissertation means much: ‘Mr. See must be congratu- 
lated on having written an essay of great cosmogonical interest, 
and although his theory may never be susceptible of exact proof, 
yet there is sufficient probability of his correctness of inspire us 
with fresh interest in the observation of double stars.” 

During the early part of See’s work one of the most eminent of 
living astronomers wrote to him, in substance: ‘tI am glad to 
find some One interested in studying the evolution of the heavenly 
bodies, but I despair of any important results ever being accom- 
plished in these lines within the days of men now living’! And 
so it seemed so long as cosmogony was little more than tradi- 
tional speculation on the solar system, and the hosts of the fixed 
stars everywhere beyond that system were regarded as a sealed 
mystery to the evolutionist. But the war has been carried into 
the enemy’s country, the fixed-star heavens have vielded an un- 
hoped-for vantage ground, and the science of cosmogony stands 
on the threshold of possibilities that even a daring prophet would 
hesitate to limit. Yet it is possible to outline with some defi- 
niteness several of the special problems that must begin to inter- 
est the rising generation of astronomers. Double stars are not 
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XII. Double Nebul@ in various regions of space, probably representing stages. actually occur 
ing in the heavens, of the process shown ideally in Fig. XIL After the or ginal drawings of Str 
John Herschel 


XIV. The remarkable ** Whirlpool’ or Spiral Nebula 
of Lord Rosse in the constellation of the © Hunting Dogs.”’ 
Photographed by Barnard. 


XV. The Great Ring Nebula in the constellation 
Lyra. Photographed by Barnard 
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PLATE XXII. 


XVIII. A section of the Milky Way, w 
nebulcsity, the 
bright star Ka 


ith two remarkable “Wisps" of 
like eagle-wings from either side of the 
Photographed by Barnard. 


The great Cloud Nebula, the greatest of its kind in the heavens. 


a Cygni. 
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the only systems inthe fixed-star realms. The more powerful tele- 
scopes have resolved a number of the components of supposed 
double stars into pairs, so that we have triple and even quad- 
ruple stars, systems composed of a pair of doublestars. The 
mother-mass has parted into two daughter-masses, and then 
either or each daughter-mass has itself divided. The dynamics 
of such a system present a tremendously complex problem. It 
has sometimes been asked whether or not each member in a 
double star, each great sun, may have its own retinue of minute 
planets. See answers that this is in the highest degree improba- 
ble since it is not conceivable that a planetary mass could be 
formed or exist in the presence of two great suns exercising com- 
plex opposing attractions. But it is probable that some, per- 
haps many, of the stars rot known to be double are single suns 
with planetary systems like our own, although observational 
proof of this is a doubtful possibility since a planet even as great 
as Jupiter would be wholly invisible, to any existing telescope, at 
even the distance of the nearest fixed stars. Star clusters are an 
even far greater problem than the multiple stars but as the study 
of double stars has given usthe key to the study of multiple stars, 
so the study of the latter is the most hopeful direction from 
which to approach the baffling complexity of the dense clusters 
into which the telescope resolves some of the points of light that 
seem to the naked eye single fixed stars. And there is still an- 
other type of system that defies all our present conceptions of 
celestial dynamics,—the ‘‘natural constellation,’’ such for in- 
stance as the Pleiades; not a constellation made by human fancy, 
but an actual group of stars vastly remote from each other, 
though relatively near together so far as their distance from 
other stars is considered, and all moving in one and the same 
definite direction. The difference between such a ‘‘system”’ as 
the Pleiades and double, or even multiple, stars becomes striking 
enough when we consider that the Pleiades appear, to the naked 
eve, to occupy a large area of the heavens, but that even the 
double star whose members are farthest apart would have to 
have its orbit’s length multiplied many times before it would ap- 
pear to the naked eye as anything but a single star,—the near- 
est fixed star, a Centauri, which also happens to be a double 
star, would not appear double to unaided vision unless its com- 
ponents were over two hundred and fifty times as far apart as 
the distance from the Earth to the Sun, twelve times as far apart 
as they actually are. 


A great field of study that has scarcely 
been entered is that of the nebule, the bodies to which we must 
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look for light upon the beginnings of stellar systems. The dis- 
tance of the nebulz and the relative motions of their parts are 
the two fundamental problems 

we and the spectroscope and the 

i, photographic camera are the as- 

tronomical instruments to which 

a a: it seems most probable we must 

\ \, look for aid. Some suggestion 

; of the meaning of the great class 

of “double nebula” has already 
been made, but the ring and the 
: spiral nebule are still in the 
\e realm of the vaguest speculation, 


199° 


a and still more so the strange ir- 
: regular wisps of nebulous light 
ee °° that are twined around many of 
the stars. Finally, the great, 
often-repeated question rises 
ae again: Do all the stars together 
Centaur form a system? Conservative 
eo astronomy shrugs its shoulders 
XII. Orbit of @ Centauri,the 
nearest of the fixed stars. Distance @t @ Question involving such 
such that it takes about 412 years for — tremendous generalization. But 
its hight to reach the Earth. Highly 
eccentric. Period of Revolution:— Science has time anc again 
about 81 years. Two stars of nearly been forced to grasp the hand of 
equal size. 
a problem it had many times 
Lony ago elaborate star gauging, 
beginning with the elder Herschel, revealed an apparent definite 
method in the total distribution of the stars. 


greeted with a passing shrug. 


There extends 
completely round the heavens at a vast unknown distance from 
| us the great ring-like galaxy of countless myriads of stars that 
we call the Milky Way. Taking this great ring as determining 
| an equatorial plane for the whole apparent visible sphere of the 
heavens it is found that by far the greater part of all the stars 
outside the Milky Way lie within a few degrees of that general 
plane and that in the regions of the two poles of the celestial 
sphere whose ‘‘equator”’ is the Mikly Way, stars are few and far 
between but well defined nebulae vastly more abundant than 
anywhere else in space. What this systematic distribution of 
the stars and nebulze may mean for the existence of a great dy- 
namic system of the heavens we cannot even pretend to guess. 
But the new cosmogony, developed in the spirit of classical 
physical astronomy, and therefore recognizing the principle of 
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measurement as a key note in all physical science has 
incidentally contributed suggestions that may lead to the 
beginnings of a_ scientific solution of even this broad prob- 
lem. See has worked out a_ theoretical method, depend- 
ent for its practical realization upon only increased exact- 
ness in the construction of the spectroscope, through which a 
single spectroscopic observation of a doulle-star may determine 
its distance and also test the validity of the law of gravitation 
in remote space; and the apparent universal distribution of 
double stars would thus open the possibility for the actual meas- 
urement and plotting of the real, instead of the apparent, distri- 
bution of the galaxy and fixed stars in general. Through this 
process of research alone may we hope some day to approximate 
a definite discussion of the broader dynamnic relations of the 
whole celestial sphere. 

With all these results before us the question of their meaning 
for general evolutionary thought becomes a vital issue. Those 
who have been surfeited on the vague indefiniteness with which 
much of recent biology has clouded the literature of evolution, 
can at least feel a sense of relief, a healthful reaction, in turning 
from “Ids” and * Bathmogenesis’ 


to the exact expressions of 
mathematical astronomy. 


Through the fog of morbid erudition 
and petty wisdom that has settled too widely over the field of 
controversy it is possible to make out the central problem over 
which biologists have been struggling since Charles Darwin first 
clearly stated it some tens of vearsago. Brushing aside the obscuri- 
ties of partisan criticism in and orin 
XNeo-Lamarkism and Neo. Darwinism, and in the various compro- 
mises that pose as reconciliations between the two, the question 
is simply :—the mutual relation of organism and environment 
in the process of evolution. The changing organisms and their 
changing environments have been taken to betwo fixed groups of 
facts betore us. Some have tried to show that the organism was 
the passive clay moulded and remoulded by the changing environ- 
ment; others that the organism somehow evolved itself, and the 
“fittest ’ changes in it survived. Neither have admiited the in- 
consistencies in the bottom principles on which they respectively 
worked and neither have been consistent in their work upon 
those principles. But without making other comment,—further 
than to note in passing that Charles Darwir and a few other 
comparably clear minds are not classed in either of these 
schools,—the light that scientific cosmogony has brought to the 
discussion may be shortly outlined. 


The organism-en vironment 
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problem exists as clearly in the life-history of stars as in the 
province of plants and animals. A great expanded nebula some- 
where in space may be taken as a physical organism and the rest 
of the universe as its environment. Beginning at some stage to 
which physical science can safely go back, trace the life-history 
as far as you will. The nebula condenses, its particles move 
towards its centre of mass. Butitis no more truethat the change 
takes place merely because the particles of the organism, the neb- 
ula, have weight, tend to gravitate toward each other, than that 
it takes place merely because the environment, the outside world 
of matter, is colder than the organism and robs it of its heat. 
Either alternative is an abstraction from the truth that the two 
views express phases, set over against each other, of a completed 
process. Mathematical physics can demonstrate that no small- 
est fraction of energy is lost or gained by the nebula, except as 
the quantity of matter in the nebula may change. Energy of 
molecular or molar motion may become energy of position, or vice 
versa, but the balance is absolutely conserved. Not only is it 
true that ‘action and reaction are equal and opposite in direc- 
tion,” as regards the relation of the nebula to its environment, 
but also that action and reaction equally occupy one and the 
same instant of time. It is all one, whether we say that as the 
environment warms the nebula condenses, or that as the nebula 
condenses the environment warms. Neither change is first, 
neither last. To go on,—the condensation of the nebula sets it in 
rotation. But its own condensation would never make it rotate 
were it not that the conditions under which the nebula first 
formed, the varving attractions on different sides from other re- 
mote bodies in the environment, the inequalities of heat radiation 
due to the varying temperatures in different ranges of the outer 
star-worlds, 


all—prevented the nebula from being a_ perfectly 
regular homogeneons sphere in which all the particles could grav- 
itate straight toward a center mathematically equidistant from 
all the points in the outer surface. Either side of the process is 
effect when the other is made, by abstraction, cause and the side 
toward which the obbserver’s immediate attention is directed de- 
termines which side shall be considered causal and which resultant. 
Water running out of a wash-basin with acentral drain-pipe whirls 
to right or left. But it would not do so were the basin and drain- 
pipe mathematically exact in construction and the friction of the 
water upon these environing vessels distributed with ideal regu- 
larity. By continued rotation the condensing mass becomes an 
ellipsoid, then a Jacobian ellipsoid, then a Poincaré’s apioid, then 
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dumb-bell shaped, and finally ruptures into two daughter. masses. 
The single rotating mother-mass becomes a double-star system. 
But the relative size and shape of the daughter-masses,—nay, 
even the very fact that the rotating mother-mass became egg- 
shaped and so forth, and eventually ruptured, instead of contin- 
uing perfectly radically symmetrical about its axis,—all depends 
not only on the character of the rotating mother-mass but also 
on the irregular, not ideally balanced, gravitative disturbances of 
the complex variety of bodies in all environing space. Tidal 
Friction begins to modify the system as soon as the daughter- 
masses acquire a rotation of their own either faster or slower 
than the revolution period they have inherited from the rotation 
of the mother-mass. Yet even that Tidal Friction is not a force 
originating simply within the system,—the changed rotation of 
the two members of the double star depends on the fact that the 
relation of each of two spheroids to an environing universe can- 
not be the same as the relation, to even the same environment, 
of one mass equal to the sum of the two,—if for no other reason, 
at least because while volume varies as the cube of the mean di- 
mension surface varies as the square, and so halving the velume 
by no means halves the surface. And then even when the tidal 
friction history has reached that extreme stage at which the cold 
dark solid members are revolving in circles far distant from each 
other, and as if fastened to the ends of a balanced rotating bar, 
even then, exact cosmogony proves, the disturbing influence, 
however slight, of other bodies in space, however distant, will 
begin to turn back the history, and inevitably the members of 
the double star again approach each other. So no physical sys- 
tem is ever self-consistent, no system can ever be eter- 
nal. The ‘absolutely fixed’? is as unknown cosmic 
history as biological. The physical organism and _ its 
environment are the two magnet-poles in a_ sense, of 
the process of physical evolution. Neither induces’ the 
other. Neither can be induced without the other. Some one 
says: ‘That environing starry universe existed before your given 
organism, vour given nebula’ But the answer is atruism: It 
was not the same starry universe before even that one nebula ex- 
isted. Changing somewhat the point of view, we may take 
either one of the two members of a double star, or a_planet- 
satellite, or a sun-planet system as a single physical organism, 
and then the other member would become the most important 
factor in the given organism’s environment. 


This would afford 
an especially striking opportunity of studying the nicety of the 


518 The Life-History of Star Systems. 


adjustment of the two functioning parts in a process of physical 
evolution, and of clearly showing the fallacy of trying to find 
the source of that process in either of those parts. And there 
would also be brought out in the most definite form the working 
principle that there is a clear quantitative relation between an 
organism and the various factors of its environment, and that 
some one group of factors, constituting its immediate surround- 
ings, has a determining influence in the organism's development 
far in excess of any other, or perhaps all other, environment fac- 
tors. The companion of either star in a double-star system 
counts for vastly more as an environment factor than any 
remote bodies in the rest of space. Looking again at the whole 
life-history cosmogony plots out, one other vital principle might 
be noted. The process of change in the development of heavenly 
bodies is markedly of a kind of rhythmic character. There are 
critical periods of rapid revolutionary change and alternating 
periods of relatively slow change, of permanence in con- 
ditions. In one of the latter stages a large part of the 
cosmic evolution in our solar system seems to be at the present. 
All these outline suggestions of principle, though only bare hints 
of the possibilities of the field, may help to indicate the pe- 
culiar clearness, simplicity, and exactness that the mathematical 
method of astronomy brings to bear upon problems of evolu- 
tion. Going beneath the mere mathematical formulz, which 
are of course purely ideal tools, we find that the new cosmogony 
has taken up the conception, developed mainly by biology, of 
evolution as a perpetual flow of change and applied that concep- 
tion to the subject-matter, and in the method, of the old astron- 
omy of absolute mathematical ideals. Biology has felt the broad 
spirit of the great law of development, and has partially expressed 
it; physical science must take the initiative in clearly defining 
the working principles of that law; and eventhough those work- 
ing principles become vastly more complex in the field in which 
biology labors, they must there reflect the exactness inspired 
by a study of physical evolution before our theorizing on the 
processes of organic evolution can become science. 

A last thought rises in the story :—The spirit of evolution has 
entered the domain of physics, chemistry and astronomy; what 
must it mean for their future? The atoms and molecules and 
their motions were the fixed presuppositions, the absolute un- 
changing data, of the older physics; but today the problem of 
the transformation of energies has brought forth interest in a 
parallel problem, the transformations of matter, the evolution of 
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the very atoms and molecules that have been taken as fixed reali- 
ties. Modern physics is asking :—Whence the atom and the mole- 
cule? The broad hypothesis of the light-bearing ether tells us of 
matter that is non-atomic, and the visible world of atomic matter 
ceases to be an ultimate physical reality and becomes the product 
of a process of evolution that carries us back into a world where 
atoms were yet to be. And inthat pre-nebular world ourso-called 
gravitative motion and all the energies that are derived from it 
were but possibilities of a future. The forms of matter and the 
farms of motion that physics knows are passing phases in an un- 
ending stream of developmental change, and are assumed to be 
fixed only as a temporary working hypothesis. Again, the chemi- 
‘al elements are no longer the final realities of chemistry. Men- 
delejeff and Remsen are investigating the evolution, the becoming, 
of the elements. And, again, so the astronomy whose spirit in- 
spired the Mécanique Céleste—‘‘fixed”’ stars and eternally 
repeating cycles—is but one side of the truth. A universe of 
evolving, ever-changing, nebulz and suns and systems can never 
be realized in mere mathematical ideals, though it could never be- 
come known without them. To make exactness of method a 


characteristic of scientific thought has been the function of the. 


physical sciences; and now their clear recognition of the law of 
evolution must reveal to them that their mathematics are only 
method, that the truth of physical nature, no less than of or- 
ganic, lies deeper than units of measurement. The chemistry and 
physics and astronomy that shall express this spirit will know 
that their task is not merely to describe the world of inorganic 
things but to write its life-history. 
UNIVERSITY OF CHICAGO, 
November 20, 1895. 


THE PLANET JUPITER, OPPOSITION 1895-96. 


G. W. HOUGH. 


FOR POPULAR ASTRONOMY. 


The planet Jupiter has been wellsituated for observation during 
the past opposition, but during the winter and spring the 
weather, for a large portion of the time, was unfavorable for 
good seeing. 


In a general way the disk has presented an appearance very 
similar to the past opposition. The most conspicuous change, 
however, is in the deepening of the depression in the south edge of 
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the equatorial belt, immediately below the great red spot, as 
well as the narrowing of the north edge of the belt. 

The diagram, Fig. 2, shows the latitude, corrected for the ele- 
ration of the Earth above Jupiter’s equator, of the centre of the 
great red spot and the north and south edges of the equatorial 
belt, for the past two years. 

An examination of this diagram will show more clearly the 
changes which have taken place in the position of the equatorial 
belt. The dotted line represents the latitude of the red spot. 
The south edge of the equatorial belt was nearly stationary in 
latitude but the north edge drifted towards the equator ahout 
2”.5 of are. As the width of the north part of the belt was 
about 3”.5 in October, 1894 and only 1” in April, 1896 the north 
edge gradually faded away or disappeared. 

Observations on the planet were begun in September, 1895, 

and continued systematically. The principal spots, whose posi- 
tion have been ‘determined, were the great red spot, two well de- 
fined black spots just outside the northerly margin of the equa- 
3 torial belt, and two dusky black spots on belt No. 3. 
The elliptical white spots in the southern hemisphere of the 
planet were visible but were generally too feeble for good obser- 
ration of position. The great red spot has been very feeble dur- 
ing the whole opposition of 1895-96. At times the outline could 
be fairly well seen; being of a pale greenish color, but often the 
outline could not be traced and the position of the spot could 
only be indicated by the hollow in the equatorial belt. 

The great red spot is undoubtedly periodic as to its visibility 
and is perhaps more permanent in latitude than any other 
marking. The mean length of the spot during the earlier years, 
1879-86, was 11’.6 of are. A single measure on Feb. 5, 1896, 

gave 9”.0. The measures during the last five vears make the 
: spot a trifle shorter than formerly, but whether it is due to our 
inability to see the outline distinetly, or an actual change, 1 am 
q not certain. If the variation in distinctness is due to a greater 
or less submergence of the spot below the surface, as I have sug- 
gested in a previous paper, the spot might apparently appear 

longer or shorter without any actual change or size. 
From our first observation 1879 to the present time the spot 
has had a variable retrograde drift on the surface of the planet. 
The rotation period of the planet given by the red spot in 1879 
was 9" 55" 34.2. In 1886 it was 40°.0 and 1896, 41°.4. Assum- 
ing the rotation period of 1879, as a standard for compari- 
son, the spot at the present time has made a little more than 

two revolutions around the disk. 
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Fic. 1. Posirion oF BELTS AND Spots ON JUPITER APRIL 1, 1896. G. W. Hough, Dearborn Observatory, Evanston, III. 
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The ‘‘mean” rotation period of the planet given by the red 
spot from 1879 to 1896, a period of 6,000 days or 14,505 rota- 
tions, is 9" 55" 39°.4. It is not probable that the spot will con- 
tinue to retrograde indefinitely, and it will be an event of great 
interest when it shall come to rest and drift in the opposite direc- 
tion. 


1894 13895 1896 


Sept. 17. Dec. 26. April 6. Oct. 22. Jan. 30. May 9. 
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Fic. 2.) Repucep Latirube, RED Spor, EQUATORIAL BELT, JUPITER. 


G. W. Hough, Dearborn Observatory, Evanston, II. 


If continuous observations are made during a complete cycle of 
its variation in motion, we may be able to get a pretty correct 
value for the rotation of the planet. 

During the opposition of 1894-95, a number of black spots 
were observed near the north margin of the equatorial belt. 
Two of these spots have been visible during the present opposi- 
tion. The spots were about 2” in length and 1” in breadth, and 
were very conspicuous. The following spot was black, and 
when coming on the disk appeared like the shadow of a satellite. 

The spots have a direct drift on the surface of the planet and 
give an approximate rotation period 9" 55" 34°. A dark spot on 
belt No. 3, 8”.2 north of the apparent equator, observed for an 
interval of 168 days, gave an approximate rotation period 
Oo" 56"; being the slowest moving object that I have ever ob- 
served. 

The map of Jupiter of April 1, 1896 shows the position of the 
various spots and belts. Position and size are laid down from 
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micrometric measurement, but no attempt has been made to 
show the fine mottling on the equatorial belt. 

The white spots near the equator, which were so conspicuous 
from 1879 to 1886, and gave a rotation period of 9" 50", have 
not been seen for some years past. 

In locating the position of a spot or belt the majority of ob- 
servers use Jovian latitude which conveys no definite idea as to 
where the object is to be found on the disk. In order to make a 
sketch showing the markings on the disk, it is necessary to recon- 
vert Jovicentric or Jovigraphic latitude into seconds of are. 
Hence, as I have previously pointed out, it is a decided advant- 
age to indicate latitude by distance north or south of the 
planet’s apparent equator; all quantities being reduced mean 
distance. 

In the study of displacement in latitude, it will be found most 
convenient to use the direct measures of distance, corrected for 
the elevation of the Earth above Jupiter's equator. For con- 
venience in observation, it is also desirable to use time in place of 
degrees, for indicating longitude. I adopted the following no- 
menclature in 1879, for indicating the position of markings, and 
have found it a great convenience. 

Beginning at the north limb of the disk the various belts are 
designated as follows: 


B1. South edge of shading and limb............ +12” App. latitude 

B3. Well defined belt 1 9” ts 
B4. North edge of the equatorial belt.......... + 4” 

B5. South edge of the eyuatorial belt .........-- 6” a 
B6. Weil defined belt................. nines — 9” 

$7. North edge of the shading and limb...... 12” 


The apparent distances from the equator are only approximate 
as the latitude of all markings on the disk is subject to change 
from year to year. The greatest displacement in latitude is 
found for B 4 and B 5. 

During the past year or two the question of periodicity in 
Jovian phenomena has been raised, but no definite conclusions 
have as yet been reached. The problem is one of great difficulty 
and will require a considerable period of time for its final solu- 
tion: 


If periodicity is due to meteorlogical causes, which is quite 
possible, we should expect to find phenomena reproduced at in- 
tervals corresponding to some function of the Jovian year. As 
the equator of Jupiter is inclined to its orbit only 3° 06’ the 
changes of climate would not be very great, but whatever the 
effect, it should be most marked at intervals of 6 and 12 years. 
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Sketches or drawings of the planet for deciding any question of 
change should be used with a good deal of discretion, owing to 
the personal equation of the observer and instrument. The 
sketches of one person, using the same telescope and magnifying 
power, might well be compared inter se. and correct conclusions 
deduced. 


1896 -Fee.§™ 11°50" 


THE PLANET JUPITER AT OPPOSITIONS 1884 AND 1896, BY G. W. HOUGH. 


A small telescope and low power gives a different picture from 
that shown by a large telescope and high power. A 4 or 5 inch 
object glass and power of 100 may show a sharply defined pic- 
ture of belts and spots, which when viewed with a 12-inch or 
larger object-glass will appear quite different. 
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The larger instrument may resolve the belt or marking so as to 
give an entirely different idea with regard to its constitution. 
Each instrument has its uses and may afford valuable data to 
science but the trouble is that we often assume that one sees all 
that can be seen, when in fact the optical power of the telescope 
was not sufficient to show the actual phenomena. 

The accompanying sketches of the planet Jupiter for 1884 and 
1896 an interval approximating a Jovian year, present features 
showing considerable similarity. 

The depression in the south edge of the equatorial belt is nearly 
the same in both years, and the equatorial belt appears of the 
Same width, but the north part was narrower in 1896 than in 
1884. The other belts present a similar appearance except that 
there is more shading at the north and south limbs of the disk in 
the latter vear. 

Observations on the latitude of the edges of the equatorial belt 
made from 1879 to 1896 indicate a possible periodicity of twelve 
vears, but we need more facts before the condition of the Jovian 
surface can be correctly interpreted. 

Hitherto the attention of observers has been almost entirely 
given to the study of motion in longitude, or the determination 
of rotation time. I think we will derive just as important in- 
formation trom the study of motion in latitude. In fact displace- 
ment in longitude and latitude should be studied simultaneously. 

DEARBORN OBSERVATORY OF NORTHWESTERN UNIVERSITY, 

May 9th, 1896. 


THE PLANETS AND CONSTELLATIONS FOR JUNE. 


Mercury will be at inferior conjunction on June 10 and so will not be visible 
to the naked eve until the latter part 
southeast as morning star. Mercury 
14 at 6" p. M. but neither will then be 
the Sun. 


of the month, when it will be visible in the 
and Neptune will be in conjunction on June 
visible because of the overpowering rays of 
Seven hours later Mercury and Venus will be in conjunction and three 
hours later still, on the same date Venus will pass by Neptune. Of the three 
planets so nearly in line at this time Mercury will be on the hither side of the Sun 
and Venus and Neptune on the farther side. 

Mars is slowly coming into position for observation, crossing the meridian 
hetween 7 and 8 o'clock in the morning. The declination of Mars is increasing 
quite rapidly so that the situation of the planet will be far more favorable this 


summer than last. The apparent diameter ot Mars is now about 7” so that ob- 
servers with good telescopes and atmosphere ought to be able to see some of the 


more prominent markings on the planet. The Moon will pass 5° to the north of 


Mars,on June 4 at 3" 37™ p.m. Central Standard Time. 
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Jupiter will be pretty well down in the west by dark during June, but good 
views may be obtained in early twilight. On June 14 at 35 12™ Central Standard 


Time, the Moon will pass close north of Jupiter. In northern latitudes of North 


America an occultation of the planet might be witnessed, were it not for the 
bright sunlight at this hour of the day. In the Journal of the British Astronomi- 


cal Association, Vol. VI, No. 6, Mr. Leo Brenner calls attention to a number of 
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THE CONSTELLATIONS AT 9) P.M. JUNE I, 1896. 


changes in the belts of Jupiter during the past months and asks observers to 
notice the great activity of the N. N. temperate belt, where there are now a 
dozen dark spots. Mr. C. Roberts thinks the longitude of the centre of the Great 
Red Spot is increasing. Rev. T. H. Foulkes asks if other observers have noticed 
a pulsating movement of the region around the red spot. He says that he has 
noticed it long before the spot was on the disk and could tell that the spot was 


coming on because of this futtering movement, without reference to Mr. Marth’s 
tables or to the well-known features of the planet. 
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Saturn will be in good position for evening observation in June. 


The place of 
Saturn among the stars is shown upon our chart for this month. 


It is near the 
star @ Libre but is much brighter than the star. Saturn’s motion will be slow, 
westward during the month. The Moon will pass about 8° south of Saturn on 
the afternoon of June 21. 

Uranus is 7° east and 4° south of Saturn. On June] its right ascension is 15" 
17™ and its declination south 17°56’. Itsmotionis slow, westward. Professor E. 
E. Barnard has recently published the results of his measures of the system of 
Uranus with the great Lick telescope. His measures of the planet show ellipticity 
of its form, the polar diameter coming out 3”.93 and the equatorial 47.15, 
These results agree very closely with those obtained by Professor Young in 1883 
with the 23-inch Princeton telescope. It is interesting to note that the two 
inner satellites Ariel and Umbriel were always difficult objects even with the 
36-inch telescope and the keen eye of Barnard. 

Neptune is behind the Sun, superior conjunction occurring June 7. 


The Satellites of Uranus. 


ARIEL. 
North. South. 
June 2 2.5 P.M. June 1 &.2aA.M. 
5 3Ua.M. 3 8.7 P.M. 
7 3.5 6 O2a. 
10 4.0 A.M. 8 9.7 P.M. 
12 45 P.M. 11 10.2 a.m. 
15 5.0a. M. 13 10.7 P.M. 
17 SSP. M. 16 11.24. M. 
20 6.0A M. 18 11.7 P.M. 
22 GSP. 21 12.2 
25 7.04. ™M. 24 12.7 a. M. 
27 7.5 P.M. 26 i298. 
30 S.0 A.M, 29 1.7 A.M. 
TITANIA. UMBRIEL. 
North. South. June ~~. M. June wr A.M 
June 211.3a.m. June 6 7.8 P.M. 8 11.3. 6 
11 4.3 i128.“ 28 P.M 10 11 
19 94P.M. 24 5.8a.™M. 16 63% 14646" 
28 2.4 " 20 98 * 18 8.0 “ 
OBERON. 25 22115 “ 
29 4.7 “ 27 3.04. mM. 
June 5 93pP.M. Junel2 3.0 P.M. 
19 8.7 A.M. 26 23 M. 
Occultations Visible at Washington. 
IMMERSION. EMERSION. 
Date Star's Magni- Washing- Angle Washing- Angle 
18906. Name. tude. ton M.T. {'m Npt. f'm N pt. Duration. 
h m ” h m h m 
june 7 Artetia*.........: 60 13° 44 7 14° 35 241 
6.3 9 49 113 10 36 285 47 
28 yw Capricorni®... 5.2 9 1 2 9 23 319 0 22 
30°) 11 Piscium........6.4 13 #18 73 14 33 213 1 #15 
30 13 Piscium........6.4 15 48 &7 17 12 239 1 24 
July 3 104 Piscium.....75 13 381 84 14 29 215 58 
26 60 178 17 50 295 42 
B. A.C. 17 45 170 18 4 218 0 19 
18 58 120 19 52 271 54 
25 44 Capricorni....6.1 14 + 179 14 52 286 0 49 
25 45 Capricorni....6.3 14 1 109 14 45 176 44 
28 21 Piscium”’....... 5.8 8s 38 15 9 33 290 0 55 
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Saturn’s Satellites. 


South 
~ 
6a. 
4 


20d, 
od. 224. =" 
ad. 
Ld loa 
North. 


[In the diagram the points marked O are those of eastern elongation as seen 
: in an inverting telescope, and those marked 1d, 2d, etc. represent the positions of 
the satellites at intervals of one day, two days, ete. after the times of eastern 
elongation. E =east elongation. I = inferior conjunction (south of planet). 

W = west elongation. S = superior conjunction (north ot planet). ] 


MIMAS. ENCELADUS Conr. DIONE Contr. 
h h h 
June 1 104 p.m. E 23 E June 21 2.7 am. E 

2 9.0 ee E 24 12.0 M. E 23 83 pm. E 

é WwW 25 89 pm. E 26 2.0 E 

t 28 aw. W at E 29 E 

S22. Ww 28 26 p.m. E RHEA 

8 12.0 midn. W 20 11:5 E sirens 

9 106 p.m. W July 1 84 a.m. E June 1 85 pw. 
* PETHYS 10 92 pom. E 
712.2 E June 2 4.5 uM. E 95 a.m. E 
17 10.8 4 48 E 19 99 E 
18 94 E tia 24 102 a.m. E 
19 8.1 E 83% E 26. 106 E 
25 10.4 = W 10 58.6 
W 14 12.1 “ E June 3 10.7 a.m. E 

ENCELADUS. 17 68% 

June 1 50 E 125 p.m. 5 

E 21 14 . E 19 1.5 A. M E 

3 108 “ E sa 20.7 4. & E 28 +4 I 

27 25 80 “© E " 

6 46 p.m. E 27 E 

29 26 E HYPERION. 

9 104 E 30 119 P.M B jeme 4127a.mu. I 
10 73 pM. E 8 7.5 pM. W 
13 10 pM. E June 1 11.1 pom. 
4 $47 “ E 25 59 
146 6S a.m. E 7103 a.m. E 30 12.9 OW 
17 36 pM. E 40 
19 225 a.u. E 12 E IAPETUS. 
20 O4 E 3.3 ‘ E Jjunel3 10.7 a.m. E 
66S) 18 90 amu. E 1 9.6 I 
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Planet Tables. 
Jupiter’s Satellites for June. 
a. Central Standard Time. 
Phases of the Eclipses of the Satellites tor an Inverting Telescope. 
r r 
If. 
* 
Configuration 8" 0™ p. m. for an Inverting Telescope. 
Day. West. East. 
2 I ; 
3 3 1 2 4 
3 "4 
5 I "4 
7 4 
9 03° 4 20 
10 3 4° °°! 2 
12 "2 
13 4 30 
14 4 3 
15 “4 2 3- 
16 |O1 “4 2 3" 
17 4 3 I 2 
Is 2 2 
I } 2 4 
22 2 I 3° 4 
24 3 2 4 1e 
25 3 4 
26 3 2 I 4 ~ 
27 4° I 2 38 
28 4 2 3 
29 4° 3 
30 4 2 I 
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Phenomena of Jupiter’s Satellites. 
Central Time. 
h m h m 
June 1 6 13 P.M. I Oc. Dis. | 10 2 43 P.M. I Oc. Dis. 
9 34 i* Be. Re. Ec. Re. 
210 TV Oc. Da. 7 i * ‘Fe. 
2 S7p.m. IV Oc. Re. 12 OO midn. IV Tr. Eg. 
11 4 6a.m. IV Sh. In. 
“ II Oc. Dis. IV Sh. Eg 
I Sh. In. is * I Sh. In 
5 47 1 7 P.M Mtr. 
6 49 I Sh. Eg. 2 16 Tr. Eg. 
Tr. Eg. 2 Il Sh. In. 
* Sh. In. 22 I Sh. Eg. 
IV* Ee. Dis. | ll Tr. Eg 
II* Ec. Re. 5 Il Sh. Eg 
11 48 * Ill Sh. Eg. 12 9 14a.M. I Oc. Dis 
312 S52a.m. IV Ec. Re. 12 27 P.M. I Ec. Re. 
12 43 p.m I Oc. Dis. 13 6 26a.m Te. 
* Ee. Re. I Sh. In 
4 9 57 a.M. tu: Il Oc. Dis 
10 20“ I Tr. In 8 46 “ 1 Tr. Eg 
20 57 * I Sh. In 9 41 “* I Sh. Eg 
12 17 I Tr. Eg 10 35 Ill Oc. Dis 
Il Sh. In 12 18Pe.M II Ec. Re 
II Tr. Eg IlI Oc. Re 
I Sh. Eg. Ill Ee. Dis 
3 M4 * II Sh. Eg. 5 42 * III Ec. Re 
& I Oc. Dis. 14 3 44a.M. I Oc. Dis 
10 32 ** I Ec. Re. 6 56 “ I Ec. Re 
4 27 im. is oe 1 Tr. In 
4 53 * II Oc. Dis. 1 49 * I Sh. In 
a I Sh. In Tr. ta 
III Oc. Dis * Tr. Eg 
6 47 “ I Tr. Eg 4 9" I Sh. Eg 
7 @o I Sh. Ee 414 * II Sh. In 
9 43 “* II Ec. Re Se a * Ii Tr. Eg 
9 44 III Oc. Re * Il Sh. Eg 
III Ec. Dis 10 14P.M I Oc. Dis 
1 42p.m. III Ec. Re. 16 1 24a.m I Ec. Re 
1 43a.m I Oc. Dis 7 26eP.M Te. 
* I Ec. Re 6 is * I* Sh. In 
10 I Tr. In * Il Oc. Dis 
In 9 46 I Tr. Eg 
666 I Sh. In. I Sh. Eg 
i I Tr. Eg. 22 Te. In 
i os II Sh. In. * II Ec. Re 
2 35 “ I Sh. Eg 4 ees Ill Sh. In 
3 ‘Tr Bg 4 i¢ III Tr. Eg 
4 oe“ II Sh. Eg | 4 “ III Sh. Eg 
8S 13P.Mm I* Oc. Dis “4 44 P.M I Oc. Dis 
I Ec. Re. I* Ec. Re 
& 27 Ter. in. 2 i Te. in 
Il Oc. Dis 247 I Sh. In 
6 24 * I Sh. In 3 55 * i Tr. In ' 
747 I* Tr. Ee 416“ I Tr. Eg 
8 15 “ Tr. In 5 I Sh. Eg 
8 44 * I Sh. Eg & 83 * Il Sh. In 
Il Ec. Re e at * Il Tr. Eg 
65“ Ill Tr. Eg. II* Sh. Eg 
10 12 2a.Mm. Ill Sh. In. 19 7 1lla.m. 1V Oc Dis 
Ill Sh. Eg GB * IV Oc. Re 


' 


July 


19 11 14a.mM. 
2 
92 
6 5&5 * 

20 8 26aA.M 

10: 23: “ 

10 46 

36 
2 46P.M 
2 
9 42 

21 5 44a.M 

an 2 
& is 
s 
6 * 
™ 
9 48 “ 

oa 
9 26P.M. 

™ 
il 4 

24 12 32a.m. 
4 68 * 
* 

45 “ 
6 45 P.M. 
9 48 

25 3 5&6 “ 
441 

ALGOL. 

1896. 
d h 
1 15 
15 23 
18 20 
21 
24 14 


From Hartwig's ephemeris in the Vierteljahrsschrift except that for W Del- 
phini I have used Pickering’s ephemeris in the March Astrophysical Journal. 


Marengo, Ill., May 8, 1896. 


Minima of the Variable Stars of the Algol Type. 
[Given to the nearest hour in Greenwich Mean Time.] 


U OPHIUCHI. 


Variable Stars. 


29 


30 


31 


1896. 


d 


_ 
bo 


_ 


molt © 


19 
15 


20 


16 
12 


W DELPHINI. 
(D.M.+17°,4867.) 
1896. 


d 


1 
6 


A. PARKHURST. 


- 
531 
I Oc. Dis. 6 43 “ i Te. In. 
Ec. Dis. I* Sh. Eg. 
Ec. Re. 8 10 * Il Sh. In. 
isc. Re. 9 39 “ II Tr. Eg. 
I Sh. In. 26 1 15 P.M. I Oc. Dis. 
Il Oc. Dis. 4 iy * I Ec. Re. 
I Tr. Eg. 27 10 26a.M. 
I Sh. Eg. Sh. In. 
III Oc. Dis. 46 Pp. M. Te, Be. 
Il Ec. Re. II Oc. Dis. 
Ec. Re. 29 I Sh. Eg. 
I Oc. Dis. 20 * IV Tr. In. 
Ec. Re. Il Ec. Re. 
‘Fe. in. III Oc. Dis. 
Sh. In. 10 1V Tr. Ex. 
I Tr. Eg. iw IV Sh. In. 
Fe. 28 41a.m. III Ec. Re. 
I Sh. Eg. IV Sh. Eg. 
Il Sh. In. +45 Oc, Des. 
II Tr. Eg. 10 46 “ I Ec. Re. 
Il Sh. Eg. 56 * Te. 
I Oc. Dis. | a6. * I Sh. In. 
I Ec. Re. is tr. 
i Tr. In. 58 * I Sh. Eg. 
Sh. In. Il Tr. In. 
II Oc. Dis. Il Sh. In. 
Te. Ge. Ii Tr. Eg. 
I Sh. Eg. 25 p.M. II Sh. Eg. 
Il Ec. Re. = 16 A.M. I Oc. Dis. 
Tr. In. * I Ec. Re. 
III Sh. In. 27 P.M. Te. 
III Tr. Eg. |_| I Sh. In. 
Ili Sh. Eg. 47 “ I Tr. Eg. 
I Oc. Dis. - aa I Sh. Ey. 
I Ec. Re. | 2 = * II Oc. Dis. 
[ Tr. fa. 6 44 * Il Ec. Re. 
I Sh. In. 23 * 
Bie. 
| 
U CEPHEL. 
1896. 
d h 
July 2 13 h h 
39 0 July 1 18 July J 10 
2 15 5 
U CORON 6 1 1 
July 6 22 7 15 20 
13 20 11 |__| 20 15 
‘ 20 «18 12 25 11 
27 «15 13 | 30 6 
| 
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Maxima and Minima of Long Period Variables. 


MAXIMA. MAXIMA Conv. MINIMA, 
1896 August. 1896 August. 1896 August. 
Date No. Star. Date No. Star. Date No. Star. 
5758 X Herculis 15 7192 Z Cygni 3 5190 RCamelopard 
2 5761 ZScorpii 16 7404 R Microscopii 5 7242 S Aquile 
3 3477 RLeonismin. 19 5157 S Bootis 7 3493 R Leonis 
4 4521) R Virginis 19 6512 T Herculls 7 1574 W Tauri 
4 5037 RR Virginis 21 5338 U Bootis 14 513 R Piscium 
6 38060 U Cancri 21 4377 T Virginis 17 1944 S Orionis 
8 8068 S Lacerte 23 8512) RK Aquarii 1737 V Taun 
8 6943 T Sagittze 24 7909 S Piscis aus. 25 1577 R Tauri 
10 4948 R Canum ven. 


Ephemeris of Short-Period Variables. 
JUNE, 1896. 


[Greenwich Mean Time]. 


4805 W VirGInis. 6573 Y SAGITTARI. 7149 S 
Max. Min. Max. Min. Max. Min. 
2.99 1.19 7.94 4.54 

25 30 8.77 6 97 16.32 12.92 

sti 14.54 12.74 24.70 21.30 
6758 6 Lyra. 26.08 04.98 7437 X CYGNI. 

13.16 30.06 3.19 

26.08 19.57 22.77 

26.08 6636 U Sacirrarit. 29.16 

6268 X 3.42 7483 T VuULPECUL2& 

4.71 1.83 1691 13.94 1.88 
11.72 8.84 23 65 20 68 6.32 5.02 
30.40 27.42 10.75 9.45 
25.7 22.87 : : 15.19 13.89 

OR 

6984 U AguiLae. 1963 18.33 

6404 Y Opuivucut. 7.50 5.25 24.06 22.76 
17.37 11.12 14.53 12.28 28.50 27.20 

28.24 21.56 19.31 29.63 
28.58 26.33 


8073 6 CEPHEL. 
6472 W SaGcirraru. 7124 » Aovmnar. 


4.86 3.27 
6.32 3.32 5.64 3.26 10.22 8.63 
13.92 10.92 12 82 10.44 15.59 14.00 
21.51 18.51 19.99 17.6 20.96 19.37 
29.11 26.11 24.79 26.32 24.73 


Dr. S. C. Chandler has begun the preparation of his third catalogue of 
variables. Less than three years have elapsed since the publication of the 
second catalogue, but the great activity in this work has made a third edition 
necessary. 


2815 U Geminorum.—Mr. W. E. Sperra succeeded in getting five obser- 
vations of this irregular star near its last maximum, which he locates at March 
17.23 Greenwich mean time. 


The interval from the last recorded maximum is 
141 days, which perhaps includes two periods. 


VARIABLE STAR NOTES. 


Variable Stars. 533 


Professor E. E. Barnard proposes to follow some of the fainter variables 
with the 40-inch Yerkes telescope to ascertain the character of their change near 
minimum. The results of this investigation will be of great interest, as many 
variables go below the limits of the apertures used in the work. The largest 
telescope heretofore systematically used in this work is the 15-inch of the Wash- 
burn Observatory, with which Mr. S. D. Townley made an important series of 
observations in 1889-92. 


A Systematic Error in Visual Observations.—Dr. S. C. Chandler, in 
Astronomical Journal, No. 374, warns observers against *‘ the systematic effect, 
arising from unequal sensitiveness of different portions of the retina, dependent 
on varying position of the variable relative to its comparison stars in different 
hour-angles.” Various methods have been followed to eliminate this effect. 
Professor Roberts uses a reversing prism in front of the eye-piece, and makes two 
observations, one in the direct, the other in the reversed position of the stars. 
With a reflecting telescope this error can easily be avoided, since by turning the 
tube in the cradle the line joining the stars can be brought into a horizontal posi- 
tion; one of the numerous advantages which make the reflector almost an ideal 
instrument for variable star work. 


Photometric Versus Visual Observations.—Professor E. C. Pickering 
published an article in the April Astrophysical Journal on ** Light Curve of Vari- 
able Stars Determined Photometrically,”’ in which he discusses the relative merits 
of the two methods of observations, concluding that, “In any careful study ot 
the causes ot the variation of different stars, photometric measures are almost 
indispensable. Argelander’s method ... serves very well in determining the 
period of the variation.” The following determinations of the last maximum of 
103 T Andromede are submitted as bearing on the question. 


Photometric. Visual. 
Date. Observer. Date. Observer. 
1895, Aug. 25 H.M. Parkhurst 1895, Aug. 31.5 P.S. Yendell 
Sept. 12. E. Lindemann Sept. 1 Walter J. Gill 
Sept. 15 E.C. Pickering Sept. 7.5 W. E. Sperra 


Sept. &.6 J. A. Parkhurst. 


It will he noticed that the visual determinations are included within an interval 
of & days, while the dates determined photometrically cover a period of 21 days. 


J. A. PARKHURST. 


Ephemeris of Comet c 1895, (Perrine). 
{From Astronomical Journal No. 374] 


R. A. Decl. logr log J Brightness 


June 1.5 17 56 36 + 23 49.9 
17 48 4 23 59.5 0.5049 0.3855 0.040 

9-5 17 39 43 24 2.6 
13.5 17 31 39 23 59.6 0.5189 0.4027 0.035 

17.5 17 23 56 23 50.9 
21.5 17 26 37 23 36.9 0.5322 0.4226 0.030 

25-5 17 9 46 23 «18.3 
29.5 7 3.23 22 55.8 0.5450 0.4444 0.025 

July 3-5 67 31 22 29.9 
7-5 16 32 9 22 1.1 0.5572 0.4679 0.021 
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GENERAL NOTES. 


We were so much delayed in securing the engraving for this issue that it was 
impossible to mail sooner. In the time of waiting we thought it best to publish 
at the same time the first number of Volume IV which is bound in the same 
cover. 


We will issue a number of this publication for the month of August and con- 
secutively each month thereafter, as a large number of our subscribers prefer to 
have the volumes begin in January instead of September. Ten numbers will con- 
stitute a volume as heretofore. 


It is not our custom to print long articles in one issue of this publication, be- 
cause of limited space and the advantages of variety in contents; but the leader 
ot this issue is deemed to be so important in matter and so closely related in all 
its parts vertaining to the broad field it covers that it ought not to be broken. 
Furthermore in presenting it with so much excellent illustration we have hoped 
to mark fittingly the close of the first century since Laplace anuounced the 
theory of the nebular hypothesis. Because of the work of George H. Darwin 
more recently and that of distinguished astronomers in Germany and America, 
in supplementing the theory of the Nebular Hypothesis, the astronomers of the 
world will gratefully remember this centennial year. 


Lowell Observatory.—It is announced that owing to the winter date 
at which the next opposition of Mars occurs, Mr. Lowell is about to remove his 
Observatory, including the 24 inch object glass just completed for him by Alvan 
Clark & Sons, from Flagstaff, Arizona, to near the city of Mexico during the com- 
ing autumn. It is further announced that owing to the southern latitude of 
Mexico, the Observatory, in addition to its regular planetary investigations, 
especially of Mars, is about to undertake a piece of stellar work, Dr. T. J. J. See of 
Chicago having temporarly left the University of Chicago to join its staff, for the 
purpose of making a survey of the southern heavens for the discovery and meas- 
urement of double stars and the determination of their orbits. 

Dr. See is well known for his general mathematical ability, and in particular 
for his remarkable work on the theory of double stars and their orbits. His 
forthcoming book, soon to be published, which deals with his investigations up 
to the present time, will be the most important contribution yet made to the sub- 
ject. 

The Alaskan Boundary Question —The development of the gold-fields 
near Juneau adds interest to the question of the boundary line between southern 
Alaska and British Columbia. As there is a rich gold region, the Cassiar district, 
just east of Juneau in British Columbia, it is probable that all the intervening 
country is gold-bearing. Prospecting has thus far been hampered by forest 
growth so dense that the mostexperienced woodsman can only make four miles a 
day. This wealth in lumber, however, must eventually add to the value of the 
country and render its possession more desirable. Certain Canadian maps, sub- 
sequent to 1884, show a boundary line which would cut off twenty-eight thous- 
and five hundred square miles of territory hitherto considered as belonging to the 
United States. The dispute (if it may be so called) rests on the terms of the con- 
vention between Great Britain and Russia, according to which the boundary line, 
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commencing at the southern-most point of Prince of Wales Island, “shall ascend’ 
to the north along the channel called Portland Channel,” etc. As the mouth of 
Portland Channel is sixty miles east of that cape, the Canadian map makers con- 
tend that the line, in order to ascend north from its commencement, must run 
-through the channel immediately east of Prince of Wales Island. A glance at the 
map suffices to show that this contention is a mere quibble.—From “ The Gold- 
fields of Alaska,” by Robert Stein, in June Review of Reviews. 


The Observatory at Mount Mounier.—In a recent number of Nature 
we notice an interesting account of the erection of an Observatory on Mount 
Mounier. This mountain is one of the peaks of the Maritime Alps, and the alti- 
tude of the Observatory site is 8,900 tect. The new one is a branch of the Observ- 
atory at Nice and was erected in 1893 to verity the discoveries of M. Schiaparelli 
in regard to the rotation of Venus. Observations were made at both places before 
Venus reached inferior conjunction of that year and the results were successful. 
Both the Observatory at Nice and that on Mount Mounier were provided by the 
generosity of M. Bischoffsheim whose wise and munificent support of astronomy 
has given him an enviable reputation in Europe and America. 


New Divisions of Saturn’s Rings.—In a late number of Comptes 
rendus,is a report of M. Flammarion that,in the month of April, three new divis- 
ions in Saturn's ring had been observed between the Cassini division and the 
Crape ring thus separating the inner bright ring into four zones. One of the divid- 
ing lines was more conspicuous than the other two which were observed with 
diticulty because of faintness. Such divisions have been observed before, and some 
of them, if not all, are due probably to the attraction of the planet’s satellites. 
M. Flammarion concludes that the fainter divisions are variable and due to 
the cause just named. 


Publications of the Washburn Observatory, Vol. [X.—Professor 
Comstock, Director of the Observatory has just published an important volume 
in the series of the Washburn Observatory publications. This volume consists of 
two parts. The first is an investigation of aberration and atmospheric refrac- 
tion by himself and the second is by Albert S. Flint, assistant astronomer, and 
consists of the observations of the right ascensions of 135 stars with the prism 
apparatus on a 6-inch equatorial. The tables contain the individual observa- 
tions of the stars, usually on six different nizhts, and also on six other nights 
with the circle reversed. The final table gives the results in order of right ascen- 
sion. 

The summary otf results in the first part well represents the high grade of 
astronomical work which Washburn Observatory is doing under the direction of 
Protessor Comstock. 

The instrument used was a Clark 6-inch equatorial with a system of reflect- 
ing surtaces in front of the objective adapted to measure the distance between 
two stars separated as far as 120°. The degree of precession gives the probable 
error of a single observation under normal conditions, as + 0”.38 which is less 
than one millionth part of the whole quantity measured. 

‘The purpose of these observations was to determine from the annual varia- 
tions in the distance separating each pair of stars a value of the constant of 
aberration, and from a comparison of the measured with the computed distances 
to determine corrections to the refraction tables. The latter part or the pro- 
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gramme was supplemented by a series of independent measurements of the cir- 
cumference of the heavens, from which the refraction is to be determined by the 
condition that the measured circumference plus the refraction must equal 360°. 

To conduct these investigations successfully it was found necessary to make 
special studies of the temperature, aqueous vapor, atmospheric despersion of 
light of different colors, the refractive index and the coefficient of expansion of 
sir under constant pressure. 

The definitive result obtained for the constant of aberration is 


20.443 + 07.010. 


Professor Comstock says that it may be noted as a singular coincidence that 
if all the corrections for systematic personal error in the observations had been 
omitted the resulting value of the aberration would have been 20’’.499, a value 
which is very closely the mean of the more recent determinations cf the quantity 
by other methods. 


Mr. Lowell’s Unfinished Work.—Elsewhere will be found an announce- 
ment regarding the location and future work of the Lowell Observatory. In this 
connection it may be said that Mr. John Ritchie in the Boston Commonwealth 
(May 23) has given a good account of the Lowell Observatory, its personnel 
its work. One paragraph sets forth views in regard to Mr. Lowell's plan 
portions of his work that ought to be repeated. 


and 
and 
The statement as a whole, is in 
rather strong language, vet there is truth in it that rightfully belongs to Mr. 
Lowell. He says: 

It is true that some persons have taken exceptions to Mr. Lowell’s plan and 
to portions of his work, but these, high as may have been the positions which they 
occupy, have not treated him with the courtesy which one gentleman has a right 
to expect trom another; and instead of criticisms of what he really was doing, 
they published criticisms of their own interpretation of his plans, which it need 
not be said was in effect the setting up of men of straw for the pleasure of knock- 


ing them down, with no possible relation between the real Mr. Lowell and the 
man of straw. 


Astronomical Problems of the Twentieth Century is the title of an 
address before the New York Academy of Sciences, delivered by its retiring presi- 
dent, Professor J. K. Rees, March 30,1896. The address is printed in full as a 
leader in Science May 15, 1896. It isaclear and concise statement of what the 
great astronomers of the world are doing now to solve the problems of their own 
much loved science. The great work sketched out so admirably will not all be 
done in the twentieth century. 


The New Astro-Photography.—We have received a full and interesting 
letter from David E. Packer, of England, in regard to the new astro-photography 
which is a further account of attempts to photograph the solar corona without 
an eclipse. Notices of this work have appeared in this publication during the 


last two months, and still more will be said about it soon. There are some curi- 


ous things about the specimen photographs of the corona taken in ordinary sun- 
light that ought to be very carefully studied by astronomers before the process is 
abandoned or rejected entirely. This is now being done in some localities. 
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of the Algol type, Minima of the—J. A. Parkhurst, 36, Novem- 
ber 93, December 149 208 


Variation of latitude, Eric Doolittle............ 211 
Vesta, Ceres, Fallas, Juno and—(note} 43 
Vision, How the telescope aids ordinary--W. W. Payne 81 
at Goodsell observatory 44 
Washburn observatory, Publivation 1X of—(note 535 


Water vapor in the atmosphere of Mars (note).................ccsese csscsssssssssscssencees 2 
Whitaker, H. C., and Partridge, E. A., Galileo’s work on Saturn’s rings, A 
Wilson, H. C., Absolute dimensions of stellar systems (note) 
Celestial phenomena for the year 1896 


Discovery of Comet c 1895 (note)............ 209 
Observations of Faye’s and Swilt’s 209 
Planet notes and tables for September and October...............- 33, 34 
Planets and constellations for December, 204; February, 321; 
March, 370; April. 425; May, 474; June 525 
Spectrum Mira (0 390 
Tee variable star Mire © Ceti 
Total eclipse of the moon, Sept. 3, 1895 (nOte).............sssseeceeees 101 
Ephemeris of short period variables for October 94, December : 
370 


Variable star 5484 U Coronz (note)... 


Yerkes observatory, E E. Barnard goes to the—(mote)..... ...cccccceeecceeesseeeeeeeeees 46 


to be at—(note) 


Young, C. A., “‘The sun” (note) 
The constant of gravitation (note)... 
Young's books, New edition 


16 
os 
16 
36 
3 
. 
é 
E } 
= 


4 
i 


